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RELATION OF CARBON BISULPHID TO SOIL ORGAN- 
ISMS AND PLANT GROWTH! 


By E. B. Frep, 
Agricuitural Bacteriologist, Agricultural Experiment Station 
of the University of Wisconsin 
INTRODUCTION 


In a previous publication concerning the action of carbon bisulphid 
(CS,) on bacteria and plants data were presented to show the beneficial 
effect of this substance on the soil flora (1).2_ The increased plant growth. 
following the addition of carbon bisulphid in many cases is enormous. 
For example, a small application often causes an increase in yield from 
100 to 200 per cent. It is impossible to account for this remarkable gain 
on the assumption that the only action of the carbon bisulphid is that of 
added plant food. It was found, as has been noted by many investi- 
gators (5, 6, 11, 12), that this volatile antiseptic exerts a very decided 
effect on the micro-organisms of the soil. As measured by plate counts, 
there is at first usually a great decrease in numbers, followed by a period 
of excessive increase, the total numbers far exceeding those that ordinarily 
exist. In certain cases carbon bisulphid has not only failed to cause an 
increase in plant growth, but has, on the contrary, caused a decrease. 

Search has been made by many investigators for a satisfactory ex- 
planation of this peculiar action of carbon bisulphid. Many theories 
have been advanced. Concerning these theories so much has been 
written that a detailed discussion of the literature seems unnecessary. 
Indeed, it would be impossible within the limited scope of this paper to 
present a summary of the various explanations. One point is very 
prominent in nearly all of the publications: The action of carbon 
bisulphid is varied. Because of the interest attached to this problem, 
it was arranged to study some of the factors that might influence . 
the action of carbon bisulphid. The experiments described in this paper 
are discussed under three main heads: First, the effect of varying 
amounts of carbon bisulphid; second, the effect of carbon bisulphid on 
various plants; and third, the effect of carbon bisulphid in various soils. 
In all of this work fresh field soil and commercial carbon bisulphid 
were used. Some of the experiments represent a combined study of the 
effect on both the lower and higher forms of plant life. 





1 Published with permission of the Director of the Wisconsin Agricultural Experiment Station. 
2 Reference is made by number to “ Literature cited,”’ p. 18-19. 
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EXPERIMENTAL METHODS 










Commercial carbon bisulphid was poured into small holes in the soil, 
and these were covered immediately. The soil was sieved and potted in 
2-gallon jars and the moisture maintained at half saturation. Changes in 
the soil flora were determined at regular intervals by plate counts of the 
number of bacteria and dilution counts of the number of active protozoa. 
The formation of ammonia and nitrates was measured at regular intervals. 

The following plants were used: Buckwheat (Fagopyrum fagopyrum), 
clover (Trijoliwm pratense), corn (Zea mays), mustard (Sinapis alba), oats 
(Avena sativa), and rape (Brassica napus). In many of the experiments 
a first and a second crop were grown. 
EFFECT OF CARBON BISULPHID ON THE NUMBER AND ACTIVITY OF 

SOIL ORGANISMS - 

Eight jars were filled with Miami silt-loam soil from the Experiment 
Station farm. These were arranged in duplicate and treated as follows: 
(1) Control, untreated; (2) 2 per cent of carbon bisulphid; (3) 2 per cent 
of carbon bisulphid, evaporated; (4) 2 per cent of carbon bisulphid, 
evaporated, and reinoculated with 5 per cent of the original soil. 

Twenty-four hours after treatment the soil in the evaporated series 
was spread out on sterile paper and the volatile antiseptic allowed to 
escape. At the end of the second 24-hour period the soil was put back 
into the jars. In order to prevent any contamination, the jars were 
covered with a double layer of cheesecloth and nonabsorbent cotton. 
This cover should allow free access of air without much danger of con- 
At regular intervals the covers were removed and samples 
The results of these determinations are presented 

























tamination. 
drawn for analysis. 
in Tables I and II. 







NUMBER OF ORGANISMS 





BacTERIA.—In Table I are shown the number of bacteria in 1 gm. of 
soil at different times and under the different conditions. 







TaBLe I.—Effect of carbon bisulphid on number of bacteria 





Bacteria per gram of dry soil. 
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At first the antiseptic causes a great reduction in the number of organ- 
isms capable of developing on Heyden agar. The period of depression 
lasts for only a short time—in this experiment about five days. From 
that time until the end of the test the number of organisms in the treated 
series far exceeded that of the control. The highest number in the 
carbon bisulphid evaporated and unevaporated soil occurred about the 
thirteenth day; while the carbon bisulphid evaporated soil plus control 
soil gave the highest count on the fifth day. At the time of the last 
count, 60 days after carbon bisulphid was added, the organisms in the 
treated series far exceeded those in the original soil. Apparently the 
effect of carbon bisulphid on the number of bacteria is noticeable for a 
long period of time. 

If the results of the counts with carbon bisulphid unevaporated are 
compared with those of carbon bisulphid evaporated, it appears that no 
very marked difference exists. The greatest reduction in numbers 
occurred in soils with the carbon bisulphid evaporated. It is significant 
that soil with carbon bisulphid evaporated should prove more injurious 
to micro-organisms than the unevaporated. This agrees with Gainey (2, 
Pp. 592), who reports that the combined effect of the two processes seemed 
more injurious to nitrification than treatment with carbon bisulphid 
unevaporated. 

After the thirteenth day the treated and reinoculated soil did not 
show as many organisms as the treated series. This difference is shown 
very distinctly in Plate I, which is reproduced from a photograph of 
a number of colonies developing on agar. Four parallel plates were 
made from the same dilution of each soil. 

On this date samples were also drawn for ammonification tests. The 
purpose of this was to measure the rate of the decomposition of casein 
in the various series, and 1 per cent of casein was added to the soil and 
the ammonia determined after 12 and 24 hours. The beneficial effect 
of carbon bisulphid on ammonification is very evident. If after 12 hours 
the untreated is 100, then carbon bisulphid unevaporated is 154, carbon 
bisulphid evaporated is 212, and carbon bisulphid reinoculated is 190. 

After 24 hours the untreated is equal to 100, carbon bisulphid un- 
evaporated is 149, carbon bisulphid evaporated is 171, and carbon 
bisulphid reinoculated is 153. The data show very clearly that casein 
is decomposed more rapidly in treated than in untreated soils. This 
difference is most prominent in the 12-hour tests. 

Protozoa.—Counts at the beginning showed the presence of protozoa 
in dilutions representing 1 to 1,000 gm. of soil (13, p. 626). Two weeks 
after treatment the soils were recounted. At this time numerous small 
flagellates were found in dilutions of 1 to 1,000. It is evident that the 
different treatments with carbon bisulphid had not seriously injured this 
group of organisms. 
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AZOTOBACTER.—One month after treatment with carbon bisulphid, 
qualitative tests were made. The Azotobacter organisms were found in 
all soils. The brown film of Azotobacter from the treated soils was not 
so profuse as that from the original soil. 

A.ca.—In order to estimate the number of alge, dilution tests were 
made. ‘These cultures were incubated for 30 days. The smaller forms 
were found in great numbers in all of the soils. 

The important facts in these data are (1) that the volatile antiseptic 
fails to remove these larger soil organisms and (2) that the smaller forms 
of bacteria are only temporarily reduced. The decrease in numbers is 
soon followed by a period of excessive growth. 


ACTIVITY OF ORGANISMS 


A rapid multiplication of bacteria should naturally be followed by a 
parallel increase in decomposition products. Accordingly samples for 
analysis were drawn from the jars used in the previous experiment. 
The results of these periodic analyses are presented in Table IT. 


TaBLe Il.—Effect of carbon bisulphid on ammonia and nitrate content of soil 








Nitrogen per 100 gm. of dry soil. 
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In the soils treated with carbon bisulphid thereisa very decided accumu- 
lation of ammonia nitrogen. If the figures of Table I are compared 
with those of Table II, ammonia production, it will be seen that an 
increase in the number of bacteria within a certain range results in a 
gain in ammonia. After 30 days the amount of ammonia nitrogen in 
the treated soils averaged more than three times that in the original soil. 
After 60 days the ammonia content in the carbon bisulphid and car- 
bon bisulphid evaporated soil was about double that of the control, 
_while in the carbon bisulphid evaporated plus 5 per cent fresh soil it was 
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less. From the data it appears that reinoculation prevents large accu- 
mulations of ammonia. This is no doubt due to the oxidation of ammo- 
nia by the nitrifying bacteria. The figures of the last column (nitrate 
accumulation) support this statement. A stimulation of ammonification 
is still noticeable at the end of 3 months. 

The nitrate-forming bacteria apparently do not recover so rapidly 
from carbon bisulphid treatment as the ammonia-producing organisms; 
consequently, there is no increase in nitrates until the end of 3 
months. An exception to this is noted in the reinoculated soil. Here 
the activity of the nitrifying bacteria is evident 30 days after inoculation. 

In order to ascertain, as nearly as possible, the effect of carbon bisul- 
phid on the soluble nitrogen of the soil, the figures of Table II, ammo- 
nia and nitrate nitrogen, were combined in Table ITI. 


TABLE III.—Effect of carbon bisulphid on soluble nitrogen 
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| Ammonia and nitrate nitrogen per roo gm. of dry soil. 
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From the data in this table it is very evident that carbon bisulphid 
causes a large increase in ammonia and nitrate nitrogen. There seems 
to be very little difference between the effect of the various treatments of 
carbon bisulphid on the formation of ammonia and nitrate nitrogen. 
When compared with the control soil, it will be seen that 45 days after 
treatment the carbon-bisulphid soils contain more than twice as much 
soluble nitrogen. The higher ammonia and nitrate content is very 
marked go days after treatment. A repetition of this experiment gave 
similar results. 

A review of the data in Tables II and III shows very clearly that carbon 
bisulphid in Miami soil increases the total soluble nitrogen—namely, 
ammonia and nitrates. One interesting fact that appears from a com- 
parison of the ammonia and nitrate content is that these two substances 
are to a certain degree inversely proportional. 
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EFFECT OF CARBON BISULPHID ON THE HIGHER AND LOWER FORMS 
OF PLANT LIFE 

From the results of the preceding experiments it seems that carbon 
bisulphid should exert a beneficial effect on the growth of higher plants. 
At first this should be most marked with ammonia-feeding plants, and 
later with nitrate-feeding plants. Unfortunately-it is not possible to 
secure plants that feed entirely on nitrates or ammonia. For this reason 
it was thought best to study the relation of carbon bisulphid to the 
growth of several different plants. Accordingly a combination study of 
the effect of carbon bisulphid on higher plants and on bacteria was made. 
A wide range of soil types, as well as different higher plants, was used. 

Before entering upon a study of the relation of carbon bisulphid to 
soil type and various plants, it was desired to obtain some idea of the 
influence of various amounts of carbon bisulphid on plant growth. The 
procedure was as follows: Ten kgm. of field soil (Miami silt loam) were 
placed in each of sixteen 2-gallon jars. The carbon bisulphid was added 
in varying amounts, from 0.5 per cent to 2 per cent. It was poured into 
holes in the soil. These holes were closed immediately and the water 
increased to half saturation. In order to overcome the injurious effect 
of carbon bisulphid, the jars were then allowed to stand for two weeks 
before planting. 


CORN AND MUSTARD IN MIAMI SILT LOAM 


The results of the test with corn and mustard are given in Table IV. 
It is evident from the data of the table that these plants do not re- 
spond alike to carbon bisulphid. 


TaBLe IV.—Effect of varying amounts of carbon bisulphid on the growth of corn and 























mustard 
: Weight of corn. | Weight of mustard. 
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No. Soil. | bisulphid = | 
| added. Green, Dry. | Average. | Green. Dry. Average. 
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In all concentrations except 2 per cent, carbon bisulphid injured the 
growth of corn. Mustard, on the other hand, was greatly benefited by 
the carbon-bisulphid treatment. An increased growth was observed 
from all concentrations. The maximum gain was noted with 2 per cent 
of carbon bisulphid. This beneficial effect on mustard is very evident 
from Plate II, figure 1. If this increase in growth is due to the larger 
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amount of soluble nitrogen as ammpnia or nitrate, then corn and mustard 
should behave much alike. The nitrogen-feeding power of these plants 
has been studied by Kriiger (8), Gerlach and Vogel (3), and others. It 
is supposed that both corn and mustard are heavy nitrogen-feeding 
crops, able to take nitrogen either in the form of ammonia or nitrate. 


BUCKWHEAT, CORN, AND OATS IN MIAMI SILT LOAM 


In order to decrease the factor of individual variation, four parallel 
jars of Miami silt loam were used in each series in the following experi- 
ment. For the second crop these were subdivided into sets of two 
each. After the first crop was harvested, the soil and roots were thor- 
oughly mixed and the jars replanted. The rotation was as follows: 
First crop, buckwheat; second crops, corn and mustard; first crop, corn; 
second crop, buckwheat; first crop, oats; second crops, corn and mus- 
tard. In Tables V, VI, and VII are presented the results of these 
experiments. 


TABLE V.—Effect of carbon bisulphid on the growth of buckwheat and corn 





1 ! 
| | 
| Weight of first crop, buckwheat.| Weight of second crop, corn. 
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The yields of buckwheat and corn are given in Table V. The weights 
of the mustard were lost. Buckwheat gave an increase in the treated 
soil, while corn (the second crop) did not show any improvement. Deter- 
minations of ammonia present at the time the buckwheat was cut (three 
months after treatment) resulted as follows: Ammonia—if control is 100, 
then carbon bisulphid treated is 192. Nitrate—if control is 100, then 
carbon bisulphid treated is 28. The antiseptic increases ammonia, but 
decreases the nitrate content of soil. The results of investigation show 
that buckwheat feeds largely on nitrate nitrogen (9), while corn is sup- 
posed to be able to take its nitrogen in the form ofammonia. A difference 
in nitrogen-feeding power can not be used to explain the unequal behavior 
of these plants toward carbon bisulphid. Although the weights of the 
mustard crop were not kept, the action of the carbon bisulphid was 
evident. There was a decided gain in the growth of plants in the treated 
series. 

From the data of Table VI it is obvious that carbon bisulphid has very 
little effect on corn (first crop) or buckwheat (second crop). 
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TABLE VI.—Effect of carbon bisulphid qn the growth of corn and buckwheat , 
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£5, .| Miami.| Control. | 480 85 115 26 
er ...do...] Control. 440 82 fi. a} 125 27 
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Table VII gives the effect of this volatile antiseptic on oats (first crop) 
and corn (second crop). The former showed an increase in growth in 
the treated soil; the latter was not affected. 









TABLE VII.—Effect of carbon bisulphid on the growth of oats and corn 


















































on | Weight of first crop, oats. | Weight of second crop, corn. 
No. Soil. bisulphid Wiemann ‘ieee 
added. Green. | Dry. Average. | Green. Dry. Average. 
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A general consideration of the data shows that corn in this soil type is 
apparently indifferent toward carbon bisulphid. Buckwheat, oats, and 
mustard were all benefited by the antiseptic. 









BUCKWHEAT, MUSTARD, OATS, AND CORN IN DIFFERENT SOILS 





The experiment with buckwheat, mustard, corn, and oats was a com- 
bination study of the effect of carbon bisulphid on bacterial activity 
and plant growth in three different soils. The first series contained 
Miami silt loam, the second series Miami soil diluted one-half by volume 
with sand, and the third seriessand alone. According to chemical anal- 
ysis, Miami silt loam is fairly rich in organic matter, nitrogen, potas- 
sium, and phosphorus. Of the three fertilizing elements, phosphorus 
perhaps is present in the smallest amount. The quantity of soil and its 
treatment was similar to that of the preceding experiment except that 
the treated jars were kept tightly covered with parchment paper. One 
month after the carbon bisulphid was added, these were removed. By 
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this means it was hoped to prevent a rapid volatilization of the anti- 
septic. The jars were not planted until three months after treatment. 

At the beginning and at intervals of one, two, and three months 
bacterial activity was measured, Naturally, under the conditions of this 
experiment, carbon bisulphid proved very drastic. A great reduction in 
the number of bacteria, without any increase until the second month, 
was noted. The relation of carbon bisulphid to the number of bacteria 
was about the same in all three series. In the more compact type, 
Miami silt-loam soil, the carbon bisulphid proved most injurious to num- 
bers, and consequently the period of increase was much later. Of the 
three soils, the treated sand showed the greatest proportional gain in 
number of bacteria. 

Because of the severe nature of the carbon-bisulphid treatment, it was 
thought that probably the protozoa would be destroyed or the number 
greatly diminished. This was not the case, however, as protozoa were 
found in great numbers in both the treated and untreated soil. 

Three months after treatment the jars were divided into two series and 
planted. The weights of the first and second crops are given in Tables 
VIII and IX. 


TABLE VIII.—Effect of carbon bisulphid on the growth of buckwheat and mustard in 
different types of soil 
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a SOR GOicssccescs seve) COMER | 207 20. 5 "3 | 0.0 3-3 } 3.3 
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; dl eee Ee eee ese! 2 76 18. 0 \ 17.0 | 21-5 | 45 
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The figures of the buckwheat crop show the same general increase as 
noted in a previous experiment. Although not great, the gain in the 
treated series is consistent in all three soils. 

The residual crop of mustard responded to a very marked degree to 
the carbon bisulphid treatment. In Miami silt loam the yield from the 
treated soil exceeded that of the control by more than 100 percent. The 
gain in weight of oats in the treated soils was not so great, while the 
second-crop corn showed a loss (Table IX). 
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TaBLe IX.—Effect of carbon bisulphid on the growth of oats and corn in different types 
, of soil 





i j 

| | Weight of first crop, oats. | Weight of second crop, corn. 
Carbon bisul- 
phid added. | 





Average.| G . . | Average. 





























The results of the nitrate determinations agree with those obtained in 
previous experiments. At the time of planting the carbon-bisulphid soils 
were lower in nitrate but higher in ammonia than the original soil. 

The data from Tables VIII and IX show that carbon bisulphid has a 
much more beneficial effect on mustard than on any other crop. Buck- 
wheat and oats are benefited, but not so markedly as mustard. Corn 
fails to show any improvement from treatment with carbon bisulphid. 


EFFECT OF CARBON BISULPHID ON BUCKWHEAT AND RAPE IN VARIOUS 
SOILS 


The five soil types selected for the study of the effect of carbon bisul- 
phid on buckwheat and rape in various soils ranged all the way from a 
very compact red clay to an open, sandy soil. After treating with 2 
per cent of carbon bisulphid the soils were allowed to stand for three 
months before planting. Bacteria counts and nitrate determinations 
were made at the beginning and after two and three months. The effect 
of the carbon bisulphid on the total number of bacteria is very evident. 
In every case the carbon-bisulphid soil contained. the most bacteria. The 
maximum gain occurred in the clay-loam soil, the minimum in the Norfolk 
sand. The increase dué to the treatment was greatest after two months. 

Here, again, the treated soils gave a much lower nitrate content than 
the controls. It seems safe to say that a rapid increase in numbers of 
bacteria in a carbon-bisulphid soil is followed by a decrease in the 
amount of nitrates. 

Three months after treatment the soils were planted to buckwheat. 
Growth was slow at first, especially in the carbon-bisulphid series. The 
crop was harvested when 60 days old. The results of this experiment 
are shown in Table X. 
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TABLE X.—Effect of carbon bisulphid on the growth of buckwheat in different types of soil 
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No. Soil. bisulphid : 
added. Green. Dry. | Average. 
| 
Per cent. Gm. Gm. | Gm. 
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RS ee sateen .| Control. 5. § 1.2 } 6 
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OG mere do. ae rerr .| 2 12 3. «| 
| ee Me aaeriecr clin teedet ene .| 2 17. § 3 5 } 3:25 








With one exception, Norfolk sandy soil, the carbon-bisulphid series 
gave a larger yield. This was most marked in the case of clay-loam soil. 
The data on plant growth agreed with the plate counts. 

The buckwheat was followed by a crop of Dwarf Essex rape. Unfortu- 
nately the young rape plants suffered seriously from insects. Although 
the tissue was too badly infested to save, a decided difference in growth 
could be seen. The beneficial effect of carbon bisulphid on rape was 
noted in every soil type. 


EFFECT OF CARBON BISULPHID ON VARIOUS CROPS IN ACID SOILS 


In order to study the effect of carbon bisulphid on the growth of higher 
plants in acid soils, a series of experiments was made. Four types of 
soil were selected for this work: Miami silt loam, Sparta sand, ‘Colby 
silt loam, and Marshfield peat. The neutral Miami silt loam was used 
as a check for the acid soils. According to the Truog acidity test, Sparta 
sand requires 0.5227 gm. of calcium carbonate per 100 gm. of soil, Colby 
silt loam 1.021 gm., and Marshfield peat 4.43 gm. Four weeks after 
treatment with carbon bisulphid, the soils were planted. 


RED CLOVER 


The effect of carbon bisulphid on medium red clover in acid soils is 
clearly seen from the figures of Table XI. The clover grew luxuriantly 
in all soils except the untreated acid peat. Twocrops were cut. Carbon 
bisulphid in peat soil caused an enormous gain in the growth of clover. 
This was very striking in both the first and second crop. 











12 Journal of Agricultural Research Vol. VI, No. 1 








TABLE XI.—Effect of carbon bisulphid on the growth cf red clover in acid sotls 
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Plate II, figure 2, shows the relative growth of clover in the treated 
and untreated soils. 

Each figure for Miami silt loam in Table XI represents the average of 
triplicate jars. Because of the individual variation, it was decided to use 
12 jars for this experiment. Six of these were used as controls and six 
treated with 2 per cent of carbon bisulphid. It is evident from the data 
that medium red clover in Miami soil is benefited both in the first and 
second crop by the antiseptic. In the Sparta sand a decrease was noted 
with each crop. The Colby silt loam gave a decided increase with the 
first crop, but not with the second. 

Previous tests with these soils showed that the clover bacteria were 
present in sufficient numbers to produce good inoculation. In view of the 
large Amount of carbon bisulphid applied, it was thought that this sub- 
stance would probably injure nodule formation. However, examination 
of the root systems showed this was not the case. The plant roots were 
thoroughly inoculated, both in the treated and untreated soils. Appar- 
ently the plants in carbon bisulphid soils contained the greater number 
of nodules. 

Because of the remarkable action of carbon bisulphid in peat soil, this 
part of the previous test was repeated. In addition to carbon bisulphid, 
the effect of flowers of sulphur was studied. If the data in the previous 
experiment are correct, the carbon bisulphid should greatly increase the 
growth of clover. A glance at the results in Table XII confirms this 


statement. 
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TABLE XII.—Effect of carbon bisulphid and sulphur on the growth of red clover in peat 
soil 
Weight. 
No. Soil. Treatment. 
Green. | Dry. Average. 
Gm. Gm. Gm. 
Bis aan eeecees COMI 2s dca 34 9 \ 
| 5. 6 
Ce ae Ne ey ere 0 ee ee 30 .2 
Bios wxale nes Cass. 5 ..| 1 percent of carbon 95 21. 5 | 
bisulphid. | 21.7 
sic cone bes Oise cacs aeaieoel Cae ee 110 22 | 
eee See do... 2 per cent of carbon 105 23 | 
| bisulphid. 21.2 
De vey bas nee do... : pee adual go 19. 5 
y eae eee do.... | 0.3 percent of sul- 8 3-5 ll a 
phur. lf am 
ae ve ae do... as | Lanne ee 4| es 








Carbon bisulphid causes a remarkable increase in the growth of clover 
on peat soil. There is apparently no decided difference in the action of 1 
or 2 per cent of carbon bisulphid. Just why the volatile antiseptic should 
stimulate so markedly the growth of clover in the peat soil is not known. 
A more detailed study of the action of carbon biswphid in peat is now 
under way. Flowers of sulphur at the rate of 0.3 per cent proved very 
injurious. In view of the high sulphur content of carbon bisulphid, it 
was thought that possibly free sulphur in peat might have somewhat the 
same effect. 

CORN AND MUSTARD 

The action of carbon bisulphid on corn and mustard in acid soils was 

studied in an experiment the results of which are given in Table XIII. 


TABLE XIII.—Effect of carbon bisulphid on the growth of corn and mustard in acid soils 
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It is clear from the data that carbon bisulphid does not materially 
benefit corn. An exception to this was seen in the case of Sparta sand; 
in this instance the treated series showed a slight improvement. 

A comparison of the growth of mustard in acid and in neutral soil 
shows that this crop grows best in a neutral soil. In Sparta sand and 
Colby silt loam the yield of mustard in the treated soil was below that 
of the control, while in the peat soil it failed entirely. It seems very 
probable that the acid reaction of the soil inhibits the growth of mus- 
tard. For instance, Kossovich (7) reports that mustard is sensitive to 
acidity. The addition of 2 per cent of carbon bisulphid to Miami soil 
stimulated the growth of mustard. This agrees with the results of pre- 
vious tests. An increase in the growth of mustard has been noted in all 
four experiments with carbon bisulphid in Miami soil. 

One series of jars, corn on Miami silt loam, was replanted to buck- 
wheat. As previously reported, buckwheat showed a distinct improve- 
ment in the carbon-bisulphid soil. If the control weights are taken as 
100, the treated series is equal to 115. 

A review of all the data on the effect of carbon bisulphid on higher 
plants shows very clearly that carbon bisulphid does not produce the 
same effect on all plants. In almost every case (except acid soils) the 
carbon bisulphid favors in a decisive way the growth of mustard. Next 
in order of their response to carbon bisulphid come rape, red clover, 
buckwheat, oats, and corn. In acid soils, especially those rich in organic 
matter, the growth of clover is greatly favored by the carbon-bisulphid 
treatment. 

The majority of the evidence indicates that carbon bisulphid is most 
beneficial to the growth of higher plants in peat or in open, sandy soils. 


EFFECT OF CARBON BISULPHID ON THE GROWTH OF PLANTS IN SILICA 
SAND 


If carbon bisulphid is a plant stimulant, then the addition of the proper 
amount to a nutrient solution for plants should exert a beneficial effect 
on the growth of higher plants. To test this a series of experiments was 
performed on different plants. 


BUCKWHEAT AND OATS 


Eight jars were filled with pure silica sand (99 per cent pure quartz), 
and the following ingredients added to each jar: 
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GIGI MATIIRCE CORD) 0 <n viscid icconelen de cence are enies I. 25 gm. 
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In addition to the soluble plant food, half of the jars received 2 per 
cent of carbon bisulphid. After treatment the jars were held for two 


months before planting to buckwheat and oats. The results of the test 
are given in Table XIV. 





TABLE XIV.—Effect of carbon bisulphid on the growth of buckwheat and oats in silica 






































sand 
a Weight of buckwheat. Weight of oats. 
No. bisulphid 
added. Green. Dry. | Average. Green. | Dry. Average. 
| 
7 : a kn | 
Per cent. Gm. Gm. Gm. Gm. Gm. Gm. 
Seiiissceee Control. 15.8 3-2 } ‘ 8 3% . 
De bce Control. 8.5 1. 4 | “3 3.4 1.2 ‘3 
ae ee 2 37:5 a { Wids.cucaire sweden: 
Se eee 2 21 4.2 \ 5. 6 21 6.5 6.5 
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It is apparent from the data that carbon bisulphid in silica sand exerts 
a beneficial effect on the growth of both buckwheat and oats. This 
agrees with the results of Koch (6)—that carbon bisulphid stimulates 
the higher plant growth. Although the duplicate jars do not agree very 
closely, the highest yield of the control was lower than any of the treated 
groups. For some unexplainable reason, the oats in jar 3 failed te grow. 
The young seedling died soon after germination. Plate II, figure 3, isa 
reproduction of a photograph of the buckwheat series. 


CLOVER, BUCKWHEAT, AND MUSTARD 


The foregoing experiment was repeated, using 3-kgm. jars and Tollen’s 
medium. Only 1 per cent of carbon bisulphid was added. The jars 
were planted -30 days after treatment. The yields of the different crops 
are presented in Table XV. From the beginning clover and mustard 
began to show the favorable effect of carbon bisulphid. 


TABLE XV.—Effect of carbon bisulphid on the growth of buckwheat, clover, and mustard 
in silica sand 
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3 I 49 gd | 6k 12 2.2 } 2.2 { 52] 5.8 } 8.6 

4 I 45:1 °%§ e 12 2.3 98 | 11.5 , 























As compared with the results shown in Table XIV, the increase in the 
growth of buckwheat with carbon bisulphid was much smaller. The 
clover crop was about doubled in the presence of carbon bisulphid. Mus- 
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tard did not do wellin sand cultures; growth wasveryirregular. Because 
of the size of the jars and the irregular growth of the crops it will be 
necessary to repeat the experiment. 


EFFECT OF CARBON BISULPHID IN REINOCULATED SOII, 


In the first part of this paper it has been shown that if soil treated with 
carbon bisulphid is reinoculated with fresh soil the bacterial processes 
are altered. The increase in number of bacteria attains a maximum 
much sooner and begins to decline earlier than in soil treated with carbon 
bisulphid but not reinoculated. This is also noted in the formation of 
soluble nitrogen. In order to record the effect on plant growth, the fol- 
lowing experiment was planned. Six jars with 9 kgm. each of Miami 
silt-loam soil were used. Two months after treatment with carbon 
bisulphid, 2 per cent of untreated soil were added to jars 5and 6. An 
equal amount was removed before the original soil was added. All of 
the jars were kept for another month before planting. 

Plate counts three months from the date of treatment showed a decided 
increase in number of bacteria in the carbon-bisulphid soils. No appre- 
ciable difference existed between the carbon bisulphid and the carbon- 
bisulphid reinoculated soil. 

The effect of treatment on nitrate content is evident from the following 
figures: If the nitrate nitrogen at the beginning is 100, then the control 
after three months is 370, carbon bisulphid is 50, and carbor bisulphid 
plus 2 per cent of the original soil is 44. Here, again, the inverse rela- 
tion of number of bacteria and nitrate content is noted. 

Protozoa were found in all of the soils and apparently in about the 
same number two months after treatment as in the original soil. 

The effect of this treatment on the growth of oats and corn may be 
seen from the figures in Table XVI. 


TABLE XVI.—Effect of carbon bisulphid on the growth of oats and corn in reinoculated 
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The average dry weight of oats in soil treated with carbon bisulphid 
was slightly greater than that of the control. This difference was most 
noticeable in the case of reinoculated soil. It appears that the reinocula- 
tion benefits the action of carbon bisulphid on the growth of oats. The 
second crop of corn gave the opposite results. The corn in untreated 
soil gave the highest yield. 


EFFECT OF CARBON BISULPHID ON THE ACCUMULATION OF SULPHATES IN 
SOIL 


Very soon after the jars were planted it was observed that the surface of 
carhon-bisulphid soil was partly covered with needle-like crystals. Quali- 
tative tests showed that these were made up largely of sulphates, possibly 
magnesium sulphate. The occurrence of salts was noted in several of 
the soils treated with carbon bisulphid. Possibly a part of the carbon 
bisulphid was oxidized to sulphates. It has been reported that a small 
portion of the carbon bisulphid may be converted into sulphates (4, p. 
247-251; 10, p. 151-152). 

Samples of the treated and untreated soils were analyzed for sulphates.' 
The results are shown in Table XVII. 


TABLE XVII.—Effect of carbon bisulphid on the accumulation of sulphates in the soil 


No. Time. Treatment. Sulphur eg 

sulphates. 

Months. Per cent. 
I Th ME OS eacutrreauidd eee parecer anew 0. 023 
2 1 | 2 percent of carbon bisulphid.............. . 038 
3 Cae AGE eI baer re cer are .o18 
4 3 | 2 percent of carbon bisulphid.............. . 039 
5 a ee ee re . O19 
6 5 | 2 per cent of carbon bisulphid..............| . 060 





It is apparent from the data in this table that the addition of carbon 
bisulphid tends to increase the sulphate content of the soil. 


CONCLUSIONS 


The addition of carbon bisulphid to soil exerts a decided effect on the 
fauna and flora of the soil. This is characterized by a temporary reduc- 
tion in the number of micro-organisms. Later, an enormous multiplica- 
tion of bacteria takes place and an almost parallel increase in production 
of by-products or soluble nitrogen is noted. The ammonia content seems 
to follow the curve of bacterial growth and later gives way to larger 
amounts of nitrate. From the evidence it seems that carbon bisulphid 
in soil produces an increase in soluble compounds of nitrogen and sulphur. 








1 The author is indebted to Prof. W. E. Tottingham, of the Department of Agricultural Chemistry, for 
the analyses. 
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In Miami soil carbon bisulphid benefited the growth of buckwheat, 
oats, and mustard. No relation seems to exist between plant stimula- 
tion with carbon bisulphid and the form of the soluble nitrogen. In non- 
acid soils carbon bisulphid is most beneficial to sulphur crops. Mustard 
offers a good example. In all of the experiments, except acid soils, 
mustard showed an increased growth from the use of carbon bisulphid. 
Carbon bisulphid in peat soil greatly benefits the growth of red clover. 
In sand cultures plus soluble plant food carbon bisulphid favors the 
growth of certain plants. 

The data show clearly that carbon bisulphid does not act alike in all 
soils or toward all crops. 
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PLATE I 
Plate cultures of soil organisms growing on agar: 


Fig. 1.—Colonies of organisms from untreated soil. : 

Fig. 2.—Colonies from soil treated with 2 per cent of carbon bisulphid. 

Fig. 3.—Colonies from soil treated with 2 per cent of carbon bisulphid and evapo- 
rated. 

Fig. 4.—Colonies from soil treated with 2 per cent of carbon bisulphid, evaporated, 
and reinoculated with 5 per cent of soil from an untreated jar. 


(20) 
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PLATE II 


Fig. 1.—Effect of varying amounts of carbon bisulphid on mustard; A, B, soil 
untreated; C, D, soil treated with 0.5 per cent of carbon bisulphid; E, F, soil treated 
with 1 per cent of carbon bisulphid; G, H, soil treated with 2 per cent of carbon 
bisulphid. b 

Fig. 2.—Effect of carbon bisulphid on clover in peat soil; A, B, soil untreated; 
C, D, soil treated with 2 per cent of carbon bisulphid. 

Fig. 3.—Effect of carbon bisulphid on buckwheat in sand cultures; A, B, soil 
untreated; C, D, soil treated with 2 per cent of carbon bisulphid. 








CLIMATIC CONDITIONS AS RELATED TO CERCOSPORA 
BETICOLA? 


By Venus W. Poo, Assistant Pathologist, and M. B. McKay, Scientific Assistant, 
Cotton and Truck Disease Investigations, Bureau of Plant Industry 


INTRODUCTION ? 


Climatic conditions of both winter and summer bear an important 
relation to the vitality and development of Cercospora beticola. During 
cold weather certain conditions enable the fungus to overwinter, while 
certain other conditions are inimical to its growth, a fact which has an 
important bearing on the control of the disease, as the earliest infections 
on growing sugar beets (Beta vulgaris) originate from the overwintered 
fungus. In the early summer, after infection occurs, temperature, rela- 
tive humidity, tainfall, and wind directly affect the development of the 
fungus, the rapidity of conidial production, and subsequent infection. 


OVERWINTERING 


From the investigations here described it seems evident that under 
ordinary field conditions of winter the conidia of C. beticola usually live 
but a short time, although under ordinary herbarium conditions desic- 
cation takes place only after exposure for several months. The sclerotia- 
like bodies (fig. 1, A, a), or masses of mycelium, the most resistant part 
of the fungus, which are embedded in the infected areas of the leaf blades 
and petioles, however, live over the winter under favorable conditions and 
in the spring produce conidia from the remnants of the old conidiophores 
(fig. 1, A, 6), or both conidiophores and conidia (fig. 1, A, c) may be 
formed anew. For the purpose of making direct microscopical observa- 
tion of such development sections of infected tissue which had been 
stored throughout the winter under favorable conditions were placed in 
hanging-drop cultures of bean agar. New conidiophores (fig. 1, B, 6) 
grew from the masses of embedded mycelium, and although somewhat 
abnormal they produced rather typical conidia (fig. 1, B, c), thus show- 
ing that such material may be a source of early infection of growing 
plants. 





1 The investigations were carried on entirely in the field. Preliminary work was conducted during 1911 
and 1912 at Rocky Ford, Colo. The detailed data were collected during 1912 and 1913 at Rocky Ford, 
which is in the Arkansas Valley of Colorado, a semiarid region under irrigation, and during 1914 near 
Madison, Wis., where the rainfall and average humidity were greater. 

2 The writers are indebted to Mrs. Nellie E. Fealy, of the Bureau of Plant Industry, for aid in editing 
and revising the manuscript. 
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Fic. 1.—Cercospora beticola: A, Section of overwintered sugar-beet leaf showing embedded sclerotia-like 
body, a, with a mass of old conidiophores, b, from which a new conidium, c, was produced. B, Produc- 
tion of rather typical conidiophores, 6, and conidia, c, from a sclerotia-like mass, a, taken from over- 

wintered hest material and placed in hanging-drop cultures. 
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CONIDIA 


Thtimen (1886, p. 50-54)! believed that the spores of Cercospora beti- 
cola are able to live for a certain length of time in the soil and retain their 
viability and produce new infection, and Pammel (1891, p. 238-243) and 
Massee (1906, p. 52-53) accord with this view. In the investigations 
here considered it was found that when kept dry, as in the case of her- 
barium material, the conidia remained viable for 8 months (Table I, 
tests 10 to 13), but soon after that no growth occurred. Only rarely 
were conidia found on the infected areas of the leaves which were exposed 
to outdoor weather conditions, and such conidia seemed to lose their 
vitality soon after harvest. No germination was found to take place 
under optimum conditions in the case of conidia which had been thus 
exposed from 1 to 4 months (tests 14 and 15). However, conidia occa- 
sionally found on spots that had been well protected, for instance in the 
interior of a pile of hayed beet tops, retained their viability for from 5 to 
less than 12 months (tests 16 and 17). Since the conidia are rarely found 
after a short time even on infected material that has been well protected 
and since they rarely germinate after being exposed outdoors for even 1 
month after harvest, it would seem that under ordinary field conditions 
they play no important part in the overwintering of the fungus. 


TABLE I.—Viability of the conidia of Cercospora beticola as affected by desiccation 


e | 








Loo Environment. Period of exposure. Viability. 
| 

I | IIPS cs ceekakcabentadcnenecbaue TA FOG. vc cicccccvcccce] SOC 

Whos Ma aia ore hades baw osindtacicuus cameecmenenepapeenel a Do. 

. a art Mh lobed wenn KOSDREK ELC aNeneeds demo enunase ere Do. 

Py See iiainvcds odabanddean sank vacadwisliess dean 5 years. Do. 

rs oe MT Anb Oddbdcn tals Sete ucdaccynaneckecenxects BEE kkcentsiccvavas Do. 

D Licccuk cease ccancksncrnodepsncccades 0 ere Do. 

rd aoe MS ete eradenatheshcceoetournes wae st SE ie Vukvetecan Do. 

ee ti skdt Guu Gudeis tc Ghkeete bien de erausaia ican BD io cnn civedsncs Do. 

| ee Meiceckeddevatacs : ere cecal MG vos wacadaes Do. 

| Se MS cdenkdckadvndpaescdcaaeetededsceuwewivees ee ie | Slightly viable. 

ED, vii cPRa bei nce mhaccntie tdeGraainicccns ex ‘cl WEG iivuandvekvus | Extremely viable. 
UEC. Cane Mage Hove « Kauapels needets (wenaeeoaueubis eer | Do. 
gee  dcncndaneds uadveda aad netassvanvadesecees ol BE cécedcccens | Do. 

14 | Leftin field after harvest, Colorado ............... DOE cecnndeces as None. 

15 | Left in field after harvest, Wisconsin ....| 4mMonths. Do. 
16 | Stored inside pile of hayed sugar-bect leaves ....... | s months | Extremely viable. 
i eee MEM rcavtarncrvavapcududvevesdiwetesutetecaee SS MIDS voc ccs cence | None. 








SCLEROTIA AND MYCELIUM 


Various investigators have attempted to determine whether different 
fungi live in the soil over winter and the manner in which they over- 
winter. Treboux (1914) found that the mycelia of several different rusts 
overwinter on host material freely exposed to climatic conditions. Stew- 
art (1913) placed in boxes of soil potato leaves and tubers infected with 
Phytophthora infestans, exposed them to outdoor winter conditions, and 
found that plants grown on such soil developed no blight. However, 








1 Bibliographic citations in parentheses refer to ‘‘ Literature cited,” p. 60. 
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temperature and moisture conditions in boxes of soil exposed above- 
ground to winter conditions are much more varied than in soil at different 
depths in the field where normal overwintering usually occurs. 

In the overwintering experiments here described the host material was 
kept in an environment comparable to ordinary field conditions. The 
experiments at Rocky Ford, Colo., were started about the middle of Octo- 
ber, 1912,and continuedfor11 months. In these experiments some of the 
infected material was mixed with soil, placed in boxes, and exposed above- 
ground during the winter (PI. III, 1); a second portion was buried from 
1 to 8 inches in the ground (PI. ITI, 2), wire netting being used above and 
below the infected material to insure ready location when examinations 
were made for cultural tests (Pool and McKay, 1915); a third portion of 
the infected tops was placed in a pile on top of the ground (PI. III, 3). 
During the experiment records were kept of soil and air temperatures, the 
former being taken at a depth of 5 inches and the latter being obtained 
from the Weather Bureau station at Rocky Ford.! 

The experiments carried on near Madison, Wis., were started the last of 
November, 1913, and continued through the winter. Infected sugar-beet 
tops were buried in the soil at depths of 5 and 8 inches, while seed-beet 
stalks were left under ordinary conditions in the field. In this experi- 
ment also records were kept of soil and air temperatures, the former being 
taken from March until June at a depth of 5 inches and the latter obtained 
from the Weather Bureau station at Madison. 

The effect of desiccation on material kept under herbarium conditions 
was to kill probably all life of the fungus within 12 months, as already 
shown, but material kept under an environment having more or less 
moisture accompanied by the disintegrating action of various organisms 
was affected in an entirely different manner, as will be shown. All cul- 
tures from the infected material used in the two experiments above out- 
lined were made from definite leaf-spots. Although the diseased tissue 
was the last to be completely disorganized and consequently could be 
found as long as any portion of the leaf remained, it became more and 
more difficult to obtain such tissue as time went on. 

The fungus was unable to survive six months’ outdoor exposure in boxes 
of soil (Table II, experiment 2), and this was also true of the fungus on 
leaves which had been freely exposed to outdoor conditions—for instance, 
on the outside of a hayed pile of sugar-beet tops (experiment 3), and 
on leaves buried 6, 7, and 8 inches in the ground (experiments 19 to 23). 
In cultures from infected mother-beet stalks and leaves that had been 
left in the field for a time and then plowed under or stored there was no 
growth, or only an indefinite growth, of the fungus after 7 months (ex- 
periments 8 to 10), while in infected material that had been protected 
in the interior of a pile of hayed beet tops (experiment 4) and in material 





1 All the records included in this paper from the Weather Bureau station at Rocky Ford, Colo., were 
kindly furnished by Mr. P. K. Blinn, the local observer. 
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that had been slightly covered or buried from 1 to 5 inches in the ground 
the life of the fungus was entirely extinct after 12 months (experiments 
11 to 18). The death of the fungus in material plowed under is due in 
all probability to the rapid disorganization which results under favor- 
able temperature and moisture conditions, such, for instance, as those 
which prevailed at Rocky Ford through the winter of 1912-13. During 
that period there was insufficient moisture to permit severe freezing, 
but there was a daily extreme variation of soil temperature, indicating 
that the air temperature produced the changes through the more or less 
dry soil. In the experiments at Madison there was only a partial dis- 
integration of the buried beet tops six months after harvest, but other 
factors impaired the vitality of the fungus and its life appeared to be 
entirely extinct; consequently, notwithstanding the great differences in 
soil factors, comparable results as to the life of the fungus were obtained 
from the experiments at both places. 


TaBLE II.—Effect of desiccation and overwintering on the viability of Cercospora beticola 
in infected sugar-beet tops under field conditions at Rocky Ford, Colo., and Madison, 
Wis. 



































Number 
a a : rom umber 
} anal ee seaans —— which | of viable| Condition of leaves. 
No. . * | cultures | spots. 
: were 
made. 
@; | Dried, stored: 
BOS i cccaicciccs caciccccccl SQUMEC Se 10 o | Good. 
SNS 5. View cies evuvensenee Ir years... 10 ° Do. 
i errr decades Io years... 10 ° Do. 
, SE ee .| 5 years.... 10 ° Do. 
ane rcckddves ceceasodioruete 4 years.... 10 ° Do. 
Maryland...... ai old laea wares 3 years.... 10 ° Do. 
(a | SiR 10 ° Do. 
New Jersey....... a keecdiee keer | 10 months, 10 3 Do. 
Colorado......... oees ee << 20 10 Do. 
months. 
2 months.. 15 15 Do. 
3 months.. 7 7 Do. 
g \{Stored in soil in boxes and left free un- |] 4 months.. 13 4 Do. 
\ der outdoor conditions, Colorado. 5 months.. 12 2 Do. 
54 months 12 ° Do. 
7 months.. 6 ° Do. 
3 eC the outside of “hayed’’ pile of {2 months.. 6 ° Do. 
sugar-beet tops, Colorado. ro months. 13 ° Do. 
2 months.. 10 10 Do. 
3 months.. 66 64 Do. 
{From the interior of “‘hayed” pile of |}4 — . = = 
4 |\ sugar-beet tops, Colorado. > months. 3 aes Do. 
1o months. 15 10 Do. 
12 months, 25 ° Do. 
2 months.. 10 10 Do. 
1 GAN, CON onic sc ndccccesccaess 5 months.. Ir 8 Do. 
8 months, . 10 2 Do. 
6 | Leaves from “mother beet’’ stalks | 5 months... 21 I5 Do. 
free in field, Wisconsin. 
First-year sugar-beet leaves free in |fs months.. 32 Do. ’ 
7\\ field, Wisconsin. 8 months... 40 o | Partially disintegrated. 
8 {Seots on “ mother beet” stalks free in |{4 months.. 1 b 7 | Good. 
field, Wisconsin. 7 months.. 35 4? Do. 
9 | Spots on “ mother beet” stalks free in | 7 months.. 10 o | Somewhat softened. 
field 6 months, then plowed under 
1 month, Wisconsin. 


@ Herbarium specimens for this test were furnished by Barrett, Illinois; Clinton, Connecticut; Whetzel, 
New a Pammel, Iowa; Norton, Maryland; and Cook, New Jersey. 
395 Colonies. 
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TABLE II.—Effect of desiccation and overwintering on the viability of Cercospora beticola 
in infected sugar-beet tops under field conditions at Rocky Ford, Colo., and Madison, 
Wis.—Continued 



































| 
Number | 
— of spots | 
~~ Period of from | Number | ° 
= Environment of beet-top material. sch which | of viable | Condition of leaves. 
ment exposure, ‘ : 
No cultures spots. | 
— 4 were | 
made. | 
to | Spots on “mother beet”’ stalks free in | 7 months.. 10 5? Good. 
field 4 months, then stored dry 3 | 
months, Wisconsin. | 
Smenthe.. 21 o | Partially disintegrated. 
: er “ 7 months.. 10 2) Do. 
11 | Buried 1 inch in ground, Colorado.... ro months. 8 F | Greatly disintegrated. 
12 months, 24 o | Entirely disintegrated. 
per aay 14 2 | Partially disintegrated. 
: ee . 6 months;:, 19 10 | Do. 
12 | Buried 2 inches in ground, Colorado. . 10 months. oe 4 Greatly disintegrated. 
12 months, 28 o | Entirely disintegrated. 4 
6 months., 21 10 | Partially disintegrated. % 
13 | Buried 3 inches in ground, Colorado. .|;10 months, II r | Greatly disintegrated. 4 
12 months, 18 o | Entirely disintegrated. ¥ 
1, {Broken and buried 3 inches in ground, ‘ — = ; a disintegrated. 4 
4 \ Colorado. somnanete, 16 } | Ratirety disintegrated. ; 
, Seid " 6 months., I 5 | Partially disintegrated. ; 
1s | Buried 4 inches in ground, Colorado. . et months. = 1 | Greatly disintegrated. 
6 months., 20 4 Do. 
16 | Buried 5 inches in ground, Colorado. .|;10 months. 15 o | Entirely disintegrated. 
12 months, 20 ° Do. ot 
4 months.. 30 © | Good. : 
‘ 5 
17 | Buried 5 inches in ground, Wisconsin. pon _ i ~ 
| 7 months... 80 o | Partially disintegrated. 
, Plowed under in field, about 5 inches, {5 months. . 30 3? Do. y 
79 '\ Wisconsin. 5 months, . 20 } | Do. “ 
| 5 months, . 8 ° | Greatly disintegrated. : 
19 Buried 6 inches in ground, Colorado. . a Ped : | — 
12 months, 15 ° | Do. 
as wo ‘ae, ground, f a: ~ 4 _ ; 
| eee ro months, 16 ° | éntirely disintegrated. 
6 months.. 15 ° | Do. 
ax | Buried 7 inches in ground, Colorado. . er a iri . pe 
12 months. 22 o | Do 
{6 months.. 20 ° | Do a 
22 | Buried 8 inches in ground, Colorado. .|; 7 months. . 10 ° | Do. is 
\r0 months. | 12 ° | Do. 4 
4 months..| 30 o | Good; ground frozen. ; 
5 months..| 35 2?} Good. * 
23 | Buried 8 inches in ground, Wisconsin .|)6 months, .| 57 o | Good; leaves have sour bi 
| or. % 
| 64 months 100 ° | Partially disintegrated. 2 
| } M4 
. ieee SS eae eee ch 
3 
These experiments and observations made in the field during several 4 
spring and summer months showed that on leaves slightly protected on ‘g 
. . . . “eS 
or near the surface of the ground during the winter C. beticola can live a ef 
sufficient length of time to be a source of infection for the succeeding 5 
sugar-beet crop and that the fungus is entirely killed by planting time : 
when the infected material is plowed under to a depth of 6 to 8 inches in : 
the fall. 4 
AIR AND SOIL TEMPERATURES AT ROCKY FORD, COLO.. AND AT MADISON, 4 
WIS. 





Comparison of the air and soil temperatures which prevailed during 
the experiment at Rocky Ford and Madison showed a wide difference. J 
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One of the most striking characteristics of these temperatures at Rocky 
Ford was the wide range between the maximum and the minimum, and 
this range may be observed throughout the entire records (fig. 2, 3). In 
the case of the soil temperatures especially, the wide range appeared to 
be due to a lack of moisture, the extreme variations being greater than if 
more moisture had been present. A comparison of the records shows that 
the variation in air temperature was much less and the mean daily 
temperature constantly lower at Madison than at Rocky Ford, notwith- 
standing the fact that the daily minimum temperature was usually lower 
at Rocky Ford. A comparison of the soil temperatures at the two points, 
however, shows that at Madison it probably remained more constant and 
was never as low as at Rocky Ford. This was due apparently to the 
greater amount of moisture in the soil at Madison and consequently its 
continued frozen condition. After March 23, the date on which the 
record was begun at Madison, the soil temperature at that place was 
never below 29° F., notwithstanding the fact that the air temperature 
was as low as 15° on April 8, while the minimum soil temperature at 
Rocky Ford was 22° on December 21 and 25° on February 8. However, 
as the air temperature on these dates was lower here than at Madison, 
comparisons can not be drawn too closely. 

In view of the presence of snow on the ground, which, as is well known, 
protects the soil from the extreme variations of air temperature, and the 
prevailing low air temperatures, as shown by the records, it may be 
assumed that the soil temperatures at Madison during January and 
February and the early part of March varied but little from freezing. 
This assumption is supported by Frédin’s experiments (1913), which 
showed in general that when the air temperature was much lower than 
that of the soil the soil temperature in ground covered with snow was 
higher than in bare ground. He found that temperatures taken at a 
depth of 10 cm. in the former were the same as those taken at a depth 
of 27.4 cm. in the latter. After the early part of April the minimum soil 
temperatures at Rocky Ford and Madison agreed closely, although the 
minimum air temperature at the former place remained generally the 
lowest of the temperatures recorded. 

Temperatures obtained from the interior of a pile of hayed sugar-beet 
leaves by means of a soil thermograph buried in the pile varied less than 
temperatures taken outside the pile, as shown by the following records 
made on May 8, 1913, and as was probably the case during the entire winter 
season: Temperature inside pile, maximum, 67° F.; minimum, 58°; differ- 
ence, 9°. Temperature outside pile, maximum, 84° F.; minimum, 45°; 
difference, 39°. 

In view of the fact that the fungus lived twice as long inside the pile as 
it did on the outside it would seem that a more uniform temperature 
might be regarded as one of the controlling factors in the life of the fungus. 
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Low temperatures are not entirely inhibitive, as was shown by thermal 
tests of artificial cultures. After such cultures had been exposed to 
temperatures averaging 0.9° C. for 48 days and then kept at 28° C., 
numerous colonies developed. Also, heavily infected leaves kept at 
0.9° C. for 97 days yielded good growth when cultures were made and held 
at favorable temperatures. Had the cultures been exposed to freezing 
temperatures or to extreme variations in temperature, the effect would 
doubtless have been more pronounced. 

Although the temperature variations and the amount of soil moisture 
at Rocky Ford and Madison differed greatly, the effect on the life of the 
fungus was apparently the same at both places. It may be concluded 
that conditions of the soil which favor the process of disintegration are 
the most important factors in the control of the disease, and these ex- 
periments indicate that these processes are most active at a depth of 
6 to 8 inches. 

SUMMER CLIMATIC CONDITIONS 

The summer climatic conditions here considered were recorded during 
1913 in fields of first-year sugar beets grown at Rocky Ford, these fields 
being an example of the usual progress of the disease where neither ro- 
tation nor sanitation at the preceding harvest time had been practiced. 

A study of the temperature and humidity records taken at different 
places in a beet field at Rocky Ford and at the Weather Bureau station 
3 miles from the field was made to determine their comparative values 
in making important correlations. The records made in the sugar-beet 
field were taken by means of hydrothermographs kept in meteorological 
instrument shelters 5 feet above the ground (PI. IV, fig. 1) and among 
the plants (PI. IV, fig. 2). These were checked at frequent intervals witha 
sling and cog psychrometer (Shaw, 1914), respectively, and under Col- 
orado conditions were found to be accurate. The records of the Weather 
Bureau station were taken by means of maximum and minimum ther- 
mometers kept in an instrument case about 5 feet above the ground in 
an open space (fig. 3). 

The daily maximum and minimum temperatures and humidities, 
together with the total number of hours the humidity was above 60 
from noon of the preceding day to noon of the given day, are used in 
the present interpretations. It has been found that when a high relative 
humidity prevails, the stomata of the sugar-beet leaves are usually open; 
and as the fungus enters the leaves only through the open stomata, the 
length of time they remain open is a fundamental factor in determining 
the possible occurrence of infection (Pool and McKay, 1916). 


AIR TEMPERATURE AND RELATIVE HUMIDITY 


The temperature and relative humidity taken with hygrothermographs 
placed near the ground among the plants varied widely from those taken 
with hygrothermographs in the air above the field and also from those 
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taken at the Weather Bureau station; hence, the place where the records 
were taken for use in the present correlations with the development of 
the disease is an important consideration. 

AIR TEMPERATURE.—At Rocky Ford the maximum temperatures taken 
among the plants near the surface of the ground from June 13 to 30 
ranged from 2 to 19 degrees higher and the minimum temperatures 
generally from 1 to 14 degrees lower than those taken at 5 feet above 
the ground (fig. 4). This was due to the fact that the plants were small 
during this period and covered only a portion of the ground; conse- 
quently during the daytime the temperature of the soil became higher 
than that of the air, and in turn the temperature of the air near the 
ground became higher than that of the air a few feet above. During the 
night the reverse occurred, the surface soil losing its heat by radiation 
and conduction faster and finally reaching a lower temperature than 
that of the air in contact with it, after which the heat of the latter 
gradually passed into the soil and as a result the temperature of the air 
immediately above the ground eventually became lower than that a few 
feet higher up. It is possible that convection currents also tended to 
lower the temperature of the air immediately above the ground; for, as is 
well known, when it is not disturbed by other factors, the coolest air 
settles to the lowest levels. 

The maximum temperatures of the air near the ground, as shown by 
the records, were higher for a longer period during June than at any 
time during the season, varying from 100° to 106° F. on nine different 
days between the 14th and 26th of that month and rising above 100° 
only once thereafter, on August 16. The maximum temperature of the 
air 5 feet above the ground, on the other hand, was lower during June 
than during the middle of the season, ranging from 90° to 93° on six 
different days during the month, while it was above 90° and some- 
times as high as 100° on 12 different days during July. 

As shown by the records, the temperature of the air near the ground 
among the plants was lower during the middle than during the early 
part of the season. This was probably due to the difference in the size 
of the plants, the larger plants practically covering the ground in mid- 
season and preventing the heating of the surface soil, while early in the 
season the smaller plants covered the ground but sparsely and con- 
sequently afforded less protection against heating. Comparison of the 
records also shows that during the middle of the season the temperature 
of the air among the plants near the ground was practically the same as 
that of the air 5 feet above the field and that throughout the entire period 
the latter was quite comparable with the temperatures taken at the 
Weather Bureau station (fig. 4). 

A similar marked variation was shown at Madison, the maximum tem- 
perature there being almost constantly higher and the minimum tempera- 
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ture usually lower among the beet plants than the temperature shown by 
the Weather Bureau records, which were taken on top of a four-story 
building about a mile from the sugar-beet field. These wide variations 
between the air temperature taken near the ground among the plants 
and that taken 5 feet above the field and between the former and the 
temperature taken at the Weather Bureau stations show that for correla- 
tion with fungous activities only the records taken among the plants 
should be used. 

RELATIVE HUMIDITY.—There was also a wide variation in the humidity 
near the ground among the plants and 5 feet above the field. For instance, 
the daily minimum humidity at Rocky Ford from June 13 to 29, with two 
exceptions, was higher and remained above 60 generally for a longer 
period in the air above the plants than among the leaves near the ground 
(fig. 4), owing to the higher temperature at the surface of the ground as 
a result of the small amount of covering afforded by the young plants. 
During this period the daily variation of humidity among the leaves was 
extreme, ranging from 99 to 10 on June 13, from 99 to 16 on June 25, and 
from 100 to 8 on July 2. After June 29, on the other hand, the minimum 
humidity was generally higher, the humidity remained above 60 for a 
longer time among the leaves than in the air above, and the daily varia- 
tion among the leaves was less extreme than earlier in the season. ‘These 
conditions were due mainly to the greater amount of covering afforded by 
the larger plants and consequent longer retention of moisture among the 
leaves. The humidity both among the plants and in the air 5 feet above 
the field remained, on an average, above 60 for a longer time each day 
during midsummer than during June, owing in part to the increased use 
of irrigation water as the season advanced and the increased amount of 
moisture in the surrounding air resulting from the increased transpiration 
of the larger plants. 

Comparison of the Madison and the Rocky Ford records (fig. 5) of the 
number of hours that the relative humidity remained above 60 each 
day among the sugar-beet plants shows that throughout the season it was 
higher, on an average, at Madison. Here it remained above 60 for a 
longer time each day during the latter half of June, when the records 
were started, and for a shorter time each day during August than during 
any other summer month. This was due to difference in the amount of 
rainfall, there being frequent rains during the former period and com- 
paratively dry weather during the latter. At Rocky Ford the facts were 
reversed, the humidity remaining above 60 for a longer time each day 
during midseason than during the latter half of June or the first part of 
September. This was probably due to more frequent irrigation and the 
increased covering afforded by the larger plants of midseason. 
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Table III shows the average number of hours a day that the relative 
humidity remained above 60 at Madison and at Rocky Ford. 


TaBLE III.—Average number of hours a day that the relative humidity was above 60 at 
Madison, Wis., and Rocky Ford, Colo., during the summer of I914and 1913, respectively 
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Fic. 5.—Curves of the maximum and minimum temperatures among sugar-beet plants and at the Weather 
Bureau station, and the seasonal rainfall records at Madison, Wis., in 1914, and the number of hours 
that the humidity remained above 60 among the sugar-beet plants in the field at Madison, Wis., in 

1914, and at Rocky Ford, Colo., in 1913. 

The greater average number of hours of high humidity at Madison 

accounts for the periods of extreme infection which occurred there when 

the fungus was present. Here leaves badly infected with Cercospora 
beticola and entirely covered with conidia were found at times, but this 
condition was rarely seen at Rocky Ford. There were numerous cases 
of cotyledon infections also at Madison, the high humidity early in the 
season favoring their occurrence; but no such infections were found at 
Rocky Ford. 
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RAINFALL AND IRRIGATION 


The rainfall records made during the summer season of 1913 in the 
beet field at Rocky Ford in which infection was studied in detail (fig. 
4, 7) where obtained by means of a rain gauge placed at the edge of the 
sugar-beet field (Pl. IV, fig. 1). Most of the rain was in the form of local 
showers, the amount varying greatly within a radius of less than 2 miles; 
but occasionally general rains fell. The effect of the increased relative 
humidity resulting from rainfall usually lasted longer among the leaves 
than in the air 5 feet above (fig. 7). 

The effect of irrigation on humidity was found to be similar to the 
effect of rain. On July 2, before the field was irrigated, its humidity 
was as low as 8 and on July 3 and 4 remained above 60 for 7 and 6 hours, 
respectively. On July 4 and 5 the field was irrigated and the humidity 
remained above 72 on the 4th and above 60 during 23 hours of the 5th. 
On July 27 the field was again irrigated and the humidity remained 
above 60 for 15 hours that day and 21 hours the following day. On 
August 19 and 20 the field was irrigated the third time and the humidity 
remained above 60 for 12 and 13 hours, respectively, and the next day 21 
hours. The general humid conditions necessary for leafspot infection, 
however, are developed much better by rain than by irrigation, because 


of the latter being comparatively local and unaccompanied by the 
atmospheric conditions attending rainfall. 


WIND 


Records of wind velocity at Rocky Ford were taken by means of an 
anemometer placed 6 feet in the air at the edge of the beet field (Pi. IV, 
fig. 1), the readings being made at irregular intervals and the velocities 
computed being the hourly averages from one reading to the next. As 
the records were not made daily, accurate hourly velocities for different 
intervals during the day can not be obtained from the records. They 
show, however, that the average seasonal velocity from June 12 to Sep- 
tember 22 was 5.3 miles per hour. Occasionally two daily readings 
were made, one in the morning and the second late in the afternoon. 
These show that the average velocity of the wind was always higher 
during the day than at night, the greatest velocity usually prevailing 
in the afternoon during the period of lowest humidity. While no gen- 
eral dissemination of conidia was correlated with high wind velocity, 
the afternoon combination of highest wind with lowest humidity ap- 
parently favored the dissemination of conidia. In fact, in the case of 
air cultures made at different times dufting several days, it was found 
that the fungus grew usually only on those exposed during the afternoon. 
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SUMMER INFECTION CYCLES 


The thermal relations of the fungus are closely linked with the effect 
of various climatic factors on the production and dissemination of co- 
nidia and on infection cycles. With a view to determining these relations 
the fungus was grown in Petri-dish cultures in thermostats at different 
and varied temperatures. At first the moisture was probably more or 
less constant, but as time went on it became relatively low. The effect 
of different temperatures, however, was comparable with that observed 
under existing field conditions. 


THERMAL RELATIONS OF THE FUNGUS IN CULTURES 


Tests of the fungus on string-bean agar were made at Washington 
during November and December, 1913, and January, 1914. The cul- 
tures were obtained from isolations made at the time of the tests from 
infected sugar-beet leaves collected at Rocky Ford during the preceding 
September. One colony of the first isolations was macerated in 10 ¢. ¢. 
of sterile water, and one platinum loop of this suspension was used for 
each tube of medium. Three poured plates were used for each single 
test. The cultures were exposed to different constant temperatures and 
to varied constant temperatures (high and low changed to low and high, 
respectively). Exposures were also made for 8 hours at the higher tem- 
peratures and then for 16 hours at lower temperatures, and, after a short 
interval of exposure in a certain number of these tests, both temperatures 
were lowered, it being possible in this way to approximate night and 
day temperatures in the field under normal conditions. 

Series A (DIFFERENT CONSTANT TEMPERATURES).—When the cultures 
were held at different constant temperatures, the abundance and size of 
the individual colonies gradually increased, while the time necessary for 
development decreased with the temperatures 12.5°, 17.3°, 19.2°, 20°, 
and 30.8° C. The best growth was made at a temperature of 30.8°, but 
this in all probability was slightly above the optimum constant tempera- 
ture, as no growth took place in cultures held for 9 days at 34.7°, 35.8°, 
and 40.6°, respectively (Table ITI, series A). 

SERIES B (VARIED CONSTANT TEMPERATURES).—Although no growth 
of the fungus took place in cultures held at constant temperatures of 34.7° 
and 35.5° C., a small percentage of normal colonies developed in cultures 
exposed for three days to these temperatures and then for several days 
to a temperature of 30.8°, while in cultures exposed for three days to 
40.5° no growth occurred when subsequently held at 30.8°. On the 
other hand, in cultures exposed for three days to a temperature of 30.8° 
there was almost a normal development of the colonies for three days after 
they were exposed to 34.7°, but at the end of five days the inhibitive 
effect of the latter temperature became manifest. In the case of cultures 
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4 changed from 30.8° to 40.5° only a very slight increase in growth was 
. a apparent during the first three days at the higher temperature, and after 
that it ceased entirely (Table III, series B). 
)- 
1S 3 TaBLE III.—Comparative diameter of colony growth (in millimeters) of Cercospora 
it 4 beticola at different constant temperatures, at decreasing and increasing constant tem- 
| a peratures, and at daily varied temperatures 
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on cultures exposed to temperatures of 14.5° and 19.2° C. averaged 2.7 
man. in diameter; after exposure for the same length of time to 14.5° and 
21.6°, 14.5° and 28°, and 14.5° and 30.8° the growth gradually increased | 
until it reached a maximum diameter of 8.8 mm; but when exposed to i 
higher temperatures (20° and 34.7° or 20° and 35.8°) the growth grad- 
ually diminished until finally it equaled approximately that attained 
under 14.5° and 28°. There was no growth on cultures exposed for nine 
days or longer to 20° and 40.6° (Table III, series C). 

SERIES D (HIGH VARIED CHANGED TO LOW VARIED TEMPERATURES).—A 
plate culture exposed for three days to temperatures of 20° and 40.5° C., 
being held 16 hours at the lower and 8 hours at the higher, and then for 
six days at 20° and 30.6°, developed 23 colonies, averaging 10.3 mm. by 
the end of the latter period, while a check plate exposed constantly to a 
temperature of 30.6° developed 100 colonies by the end of the latter 
period. A plate exposed to the higher temperatures—20° and 40.5°— 
for five days and then held at 20° and 30.6° for six days developed six 
colonies at the end of the latter period, while a plate exposed to 20° and 
40.5° and then held at 20° and 30.6° for seven days developed no growth 
of the fungus. 

Later on in this paper the fact that high minimum and maximum tem- 
peratures inhibit the growth of the fungus, as brought out by these tests, 
is correlated with the effect of existing high field temperatures, with 
their consequent accompanying factors, on the leaf spot. Although 
the optimum temperature variations—20° and 30.8° C.—were found to 
be very favorable to the development of leafspot in the field, little or 
no increase in the disease was observed to follow high night and day 
field temperatures—20° and 40.5°, respectively. 

It was also observed that different temperatures affect conidial septa- 
tion. The normal average septation varies from 6 to 11, but during 
warm, humid periods the conidia were usually found to be many septate, 
sometimes as high as 20-septate, while after a cooler period, such as 
usually occurs in September, they were only from 2- to 4-septate. 






























OF CONIDIAL PRODUCTION AND DISSEMINATION TO CLIMATIC 
CONDITIONS 


RELATION 











For the purpose of studying the relation of temperature and relative 
humidity to the production and dissemination of conidia, detailed life, 
histories of a large number of individual spots on 10 plants in the medium- 
early field at Rocky Ford were kept during the season of 1913. The tem- 
perature and humidity records used in these correlations were those 
taken among the beet leaves near the ground and, together with rainfall 
and dates of irrigation, are shown in figure 7. 

Beginning with the outermost or oldest, the leaves were tagged and 
numbered consecutively, and the location of the spots on each was indi- 
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cated on diagrams. As new leaves developed, they were included in the 
observations, and this was true also of new spots, until they became too 
numerous, after which only a few representative ones on each leaf were 
studied in detail. During the period from the 24th of June to the 19th 
of September 330 spots were studied, both surfaces being examined at 
frequent intervals with a hand lens. For the purpose of getting a basis 
for comparison of rates of development at different stages in the life 
history of the disease, percentage values were assigned to each stage as 
follows, the spots being grouped and averaged later (Table IV): 


Percentage value. Stage of development of fungus. 

i cicue hanes cas vee Spot first noticed. Neither conidia nor conidiophores present. 
MWe Kes wmiintg hee Conidiophores present. 
WOR trie vanes dvvuce Very few conidia. 
BB cineca de ooeeen Few conidia. 
Ce re ee eer Conidia fairly numerous. 
WEE ccccasicveveue wd Conidia numerous. 
BR csi cucccbwtwentes Conidia fairly abundant. 
WO, viciv sare iors oacerehaeata Conidia abundant. 


The value of the spot is the sum of the values of the two sides—that 
is the value of a spot on which there were but few conidia (25) on one side, 
and abundant conidia (50) on the other, is 75. Again, the value of a 
spot on which conidiophores only (12.5) were present on one side, and very 
few conidia (19.7) on the other, is 32.¢ 


TABLE IV.—Data on life histories of a representative number of leaf spots studied on 
Io pients in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 
of 1913 




















ag og > Date. om Data on life histories. 
1913. 
a] 3 s|july 7 to | No conidiophores on either surface. July 8, no change. 
10 37 | Conidiophores above, conidia few below. 
12 50 | Conidia few on both surfaces. July 14, no change. 
16 so | Conidia very few above, fairly numerous below. 
aI zoo | Conidia abundant on both surfaces. July 23, no change. 
25 62 | Conidia fairly numerous on both surfaces. 
28 37 | Conidia none above and few below. 
2 4 I a 10 | No conidiophores on either surface. July 7, no change. 
8 24 | Conidiophores on both surfaces. 
10 69 | Conidia very few above and abundant below. 
12 75 | Conidia few above and abundant below. 
14 1oo | Conidia abundant on both surfaces. July 16, 21, 23 (leaf yel- 
low), July 25, no change. 
28 63 | Conidia numerous above and few below. 
a 4 3 7 10 | No conidiophores on either surface. July 8, no change. 
10 25 | Conidiophores on both surfaces. 
12 62 | Conidia fairly numerous on both surfaces. 
14 82 | Conidia numerous above and fairly abundant below. 
ar too | Conidia abundant on both surfaces. 
a 4 4 7 10 | No conidiophores on either surface. 
8 25 | Conidiophores on both surfaces. 
10 75 | Conidia few above and very abundant below. July 14, no 
change. 
16 57 | Conidia very few above, numerous below. 





SE convenes the decimal fractions, which make only a negligible difference in the averages, are 
omitted. 

b In Table IV asterisks (*), daggers (t), and section marks (§) are used to designate definite leaf spots to 
which reference is made in the text. 
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TaBLE IV.—Data on life histories 


i a representative number of leaf spots studied on 


10 plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 





























of 1913—Continued 
Plant | Leaf | Spot | Graph eye 
No. So. | Ma. Date. | values. Data on life histories. 
1913. 
2 6 1| July 7 15 | Conidiophores forming above, nothing below. 
8 31 | Conidiophores above, conidia very few below. 
10 100 | Heavy production of conidia on both surfaces. July 12, 14, 16, 
21, 23, no change. 
25 63 | Conidia few above and numerous below. 
3 2 1| June 24 10 | No conidiophores on either surface. June 25, 26, 27, 28, 30, 
July 1, 2, 7 (leaf yellow), 8, no change. 
3 2 2 25 10 | No conidiophores on either surface. June 2s, 26, 27, 28, 30, 
July 1, 2, 7, 8, no change. 
3 4 | I | July 7 10 | No conidiophores on either surface. 
8 15 | Conidiophores forming only on lower surface. 
10 62 | Conidiophores abundant above and conidia abundant below. 
| | 12 roo | Conidia abundant on both surfaces. July 14, no change. 
16 69 | Conidia very few above and abundant below. 
| | at 25 | No conidia on either surface. 
wR, 8 t | > ro | No conidiophores on either surface. July 8, no change. 
| 10 25 | Conidiophores abundant on both surfaces. 
| 12 too | Conidia abundant on both surfaces. July 14, 16, ar (center of 
| spot gone), no change. 
| 23 94 | Conidia fairly abundant above and abundant below. 
25 so | Conidia few on both surfaces, leaving and leaf yellowing. 
+, | 8 2 7 ro | No conidiophores on either surface. July 8, no change. 
10 25 | Conidiophores abundant on both surfaces. 
12 roo | Conidia abundant on both surfaces. July 14, no change. 
| 16 94 | Conidia fairly abundant above and abundant below. 
ar roo | Conidia abundant on both surfaces. July 23, no change. 
| 25 so | Conidia few on both surfaces. 
t3 | 8 3 7 ro | No conidiophores on either surface. July 8, no change. 
10 25 | Conidiophores abundant on both surfaces, 
| 12 100 | Conidia abundant on both surfaces, July 14, no change. 
16 94 | Conidia fairly abundant above and abundant below. 
ar roo | Conidia abundant on both surfaces. July 23, no change. 
25 75 | Conidia few above and abundant below. 
3 9 I 23 20 | Conidiophores numerous above and few below. 
25 44 | Conidia few above and very few below. 
28 so | Conidia few and matted together on both surfaces. 
r I 1 | June 24 1o | No conidiophores on either surface. June 25 (leaf dying), 26 
(leaf dead), 27, 28, 30, July 1, no change. 
4 3 1] July 8 1o | No conidiophores on either surface. 
12 62 | Conidia fairly numerous on both surfaces. 
14 so | Conidia leaving, few on both surfaces. July 16, a1 (leaf dead), 
no change. 
¥t, 5 1 | June 30 10 | No conidiophores on either surface, July 1, 2, no change. 
July 7 30 | Conidia forming on both surfaces. July 8, no change. 
10 25 | Only conidiophores on both surfaces, 
12 roo | Conidia abundant on both surfaces. July 14, no change. 
16 88 | Conidia fairly abundant on both surfaces. July 21, 23, no 
| change 
| } 25 50 Conidia hee on both surfaces. 
| 12 I ar so | Conidia few on both surfaces. July 23, no change. 
| 25 76 | Conidia numerous on both surfaces. 
5 I 2 I 1o | No conidiophores on either surface. July 2, 7, 8, no change. 
| 
S| 2 I 2 10 | No conidiophores on either surface. July 7, no change. 
| 8 20 | Conidiophores forming only on upper surface. 
| 10 30 | Conidiophores above and conidia forming below. 
12 so | Conidia few on both surfaces. 
14 50 | Conidia — few above, and fairly numerous below. 
16 50 | Leaf dead, no change in spot. 
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= a TaBLE IV.—Data on life histories 4 a representative number of leaf spots studied on 
son a 10 plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 
Ee of 1913—Continued 
WE 7 f lc 
4 - fc ~ oy Date. oe Data on life histories. 
1913. 
ts 4 3|July 7 20 | No conidiophores above, very few conidia forming below. 
8 37 | Conidiophores on upper surface, few conidia on lower. 
4, 16; 10 88 | Conidia numerous above and very abundant below. 
. 12 75 | Conidia few above and abundant below. July 14, no change. 
aI too | Conidia abundant on both surfaces. July 23 (leaf yellow), 
July +? no change. 
B, 30, 28 63 | Conidia few above and numerous below. 
5 4 5 8 25 | Conidiophores on both surfaces, 
10 37 | Conidia few above and conidiophores below. July 12, no 
8, 30, change. 
14 so | Conidia few on both surfaces. 
ar too | Conidia abundant on both surfaces. July 23, no change. 
25 so | Conidia few on both surfaces, 
28 25 | No conidia on either surface. 
low. ' el 
) *¥ 6 I 7 17 | Conidiophores none above and forming below. 
8 25 | Conidiophores on both surfaces, 
10 75 | Conidia few above and very abundant below. July 12, 14, 16, 
no change. 
ar 100 | Conidia abundant on both surfaces. July 23, no change. 
25 57 | Conidia very few above and numerous below. 
nter of 28 37 | Conidia none above and few below. 
5 8 4 14 1o | No conidiophores on either surface. 
. 16 17 | Conidiophores none above and forming below. 
ar too | Conidia abundant on both surfaces. July 23, no change. 
25 7s | Conidia abundant above and few below. 
7 ¥5 8 5 23 25 | Conodiophores on both surfaces. 
25 75 | Conidia numerous on both surfaces. 
e. 
5 10 I 7 40 | Conidia very few on either surface but more on lower. Jaly 8, 
no change. 
10 +5 | Conidia few above and abundant below. 
12 too |} Conidia abundant on both surfaces. July 14, 16, 21, no change. 
e. 
5 10 2 1 3s | Conidiophores forming above and conidia few below. July 8, 
e. no change. 
10 62 ov well developed above and conidia abundant 
elow. 
12 7o | Conidia very few above and abundant below. 
: 14 7s | Conidia few above and abundant below. July 16, no change. 
ia ar too | Conidia abundant on both surfaces. July 23, no change. 
ring), 26 % 5 10 3 14 to | No conidiophores on either surface. 
: 16 17 | Conidiophores above and none below. 
ar roo | Conidia abundant on both surfaces. July 23, no change. 
25 63 | Conidia few above and numerous below. 
af dead), a ¥s5 12 I 23 25 | Conidiophores on both surfaces. 
2 25 70 | Conidia very few above and abundant below. 
D 28 63 | Conidia few above and numerous and matted below. . 
nge. y a P 
3 Be 6 I 1 | June 24 10 | No conidiophores on either surface. 
ve 25 20 | Conidiophores very few above and abundant below. June 26, 
ge. ia no change. 
I, 23, no ye 93 
27 31 | Conidiophores above and conidia very few below. June 28, 
30, July 1, 2 (leaf dying), no change. 
July 7 25 | Conidiophores, but no conidia present. , 
7 6 I 7 10 | No conidiophores on either surface. 
9 56 | Conidia few above and fairly numerous below. 
change. H 10 62 | Conidia none above and abundant below. 
. 12 roo | Conidia abundant on both surfaces. July 14, 16, 21, 23, 25, 
ge. 2 | no change. 
os 7 6} 3 10 15 | Conidiophores forming on upper surface only. 
5 | 12 75 | Conidia abundant above and few below. 
q lq so | Conidia few on either surface. July 16, no change. 
a | ar too | Conidia abundant on both surfaces. July 23, 25, no change. 
% 7 6 4 | 16 to | No conidiophores on either surface. 
s ’ ar too | Conidia abundant on both surfaces. July 23, 25, no change. 
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TABLE IV.—Data on life histories y a representative number of leaf spots studied on 
10 plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 
of 1913—Continued 























Plant | Leaf | Spot | . Graph i ll 
No. No. | No. | Date. vasities. Data on life histories. 
} | 1913. ' 
*, | 6 | 8| July ar 56 oe few above and fairly numerous below. July 23, no 
| change. 
| 25 1oo"} Conidia abundant on both surfaces. 
*7 | 8 5 ar 37 | Conidia very few on both surfaces. July 23, no change. 
| 25 75 | Couidia numerous on both surfaces. 
28 so | Conidia few on both surfaces. July 30, no change. 
7| 8 6 aI so | Conidia few on both surfaces, 
| 23 56 | Conidia few above and fairly numerous below. 
25 63 Conidia numerous above and few below. 
28 so | Conidia few on both surfaces. July 30, Aug. 1, no change. 
*7 8 7 | July 23 1s | Conididphores none above and few below. 
| 25 75 | Conidia few above and abundant below. July 28, 30, no 
change. 
Aug. 1 50 | Conidia none above and numerous below. 
7 8| 12] July 25 25 | Conidiophores on both surfaces. 
28 45 | Conidia few forming on both surfaces. 
30 so | Conidia few on both surfaces. August 1, no change. 
| 
7\| 15 3 28 25 | Conidiophores on both surfaces. 
| 30 63 Conidia few above and numerous below. 
| Aug. 1 88 | Conidia numerous above and abundant below. 
tts | 8 sj July 9 ro | No conidiophores on either surface. 
10 100 | Conidiaabundant on both surfaces. 
*8| 12 I 23 so | Conidia few on both surfaces. 
25 75 Conidia numerous on both surfaces. July 28, no change. 
30 88 — numerous above and abundant below. August 1, no 
change. 
Aug. 5 7s | Conidia numerouson both surfaces. Aug. 7,9, 11, nochange. 
is 23 13 5 15 | Conidiophores few above and none below. Aug. 7, nochange. 
} 9 25 | Conidiophores on both surfaces. 
| II 57 Conidia numerous above and very few below. 
| 13 100 | Conidia abundant on both surfaces. 
t8 | 23 18 7 ro | No conidiophores on either surface. Aug. 9, no change. 
| II 60 | Conidia abundant above and conidiophores few below. 
13 63 | Conidia numerous above and few below. Aug. 1s, 18, no 
change. 
22 roo | Conidia abundant on both surfaces. 
t8 24 1| July 28 75 | Conidia numerous on both surfaces. 
30 62 | Conidia fairly numerous on both surfaces. Aug. 1, nochange. 
‘ Aug. 5 44 | Conidia few above and very few below. 
7 75 | Conidia numerous and matted above and numerous below. 
8 25 3 I 1o | No conidiophores on either surface. 
5 44 | Conidia very few above and few below. 
7 56 | Conidia few above and fairly numerous below. 
weg 29 I I 1o | No conidiophores on either surface. 
| 5 62 | Conidia fairly numerous on both surfaces. 
7 75 | Conidia numerous on both surfaces. 
9 so | Conidia few on both surfaces. 
e Ir 56 | Conidia few above and numerous below. 
13 100 Conidia abundant on both surfaces. Aug. 15, no change. 
18 75 | Conidia few above and abundant below. 
22 88 | Conidia numerous above and abundant below. Aug. 2s, 28, 
no change. 
30 63 | Conidia few above and numerous below. Sept. 1, no change 
except conidia matted above. 
_ | Sept. 3 57 | Conidia very few above and numerous below. 
8 29 3| Aug. 5 25 | Conidiophores on both surfaces. ’ 
7 30 | Conidiophores above and conidia forming below. 
9 so | Conidia very few above and fairly numerous below. 
II zoo | Conidia abundant on both surfaces. Aug. 13, 15,18, 22, 25,no 
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TaBLE 1V.—Data on life histories oY a representative number of leaf spots studied on 
10 plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 




















of 1913—Continued 
Plant “| og Date. | Graph as Data on life histories. 
} 
| we 
1913. | 
wrk +8 29 6| Aug. 5 20 | Conidiophores very few on both surfaces. Aug. 7, no change. 
9 7s | Conidia numerous on both surfaces. Aug. 11, no change. 
13 too | Conidia abundant on both surfaces. Aug. 15, no change. 
18 75 | Conidia few above and abundant below. 
22 69 | Conidia fairly numerous above and numerous below. 
25 too | Conidia abundant on both surfaces. 
28 87 | Conidia fairly abundant on both surfaces. 
30 75 | Conidia numerous on both surfaces. 
Sept. 1 Conidia fairly numerous above and numerous below. 
3 62 — fairly numerous and matted above and fairly numerous 
elow. 
rh g 29 8| Aug. 5 10 | Noconidiophores on either surface. Aug. 7, 9, m0 change. 
Ir 24 | Conidia very few above and nothing below. 
13 88 | Conidia abundant above and numerous below 
15 94 | Conidia fairly abundant above and abundant below. 
18 88 | Conidia numerous above and abundant below. 
2a roo | Conidia abundant on both surfaces. 
25 8: | Conidia abundant above and fairly numerous and matted 
below. 
8| a9 9 5 s | Condiophores few above and conidia few below. 
7 50 | Conidiophores numerous above and conidia numerous below. 
9 88 | Conidia numerous above and abundant below. 
II 37 | Conidia few above and none below. 
13 75 | Conidia numerous and matted above and numerous below. 
Aug. 15, no change. 
18 88 | Conidia numerous above and abundant below. 
week + 8 29 II > 10 | Conidiophores few on both surfaces. 
9 44 | Conidia very few above and few below. 
13 . 75 | Conidia numerous on both surfaces. Aug. rs, no change. 
18 88 | Conidia numerous above and abundant below. 
22 63 | Conidia very few and matted above and fairly abundant below. 
| 25 88 | Conidia numerous and matted above and abundant below. 
28 75 | Conidia few above and abundant below. 
3° 88 | Conidia numerous and matted above and abundant below. 
Sept. 1 82 — numerous and matted above and fairly abundant 
elow. 
| 3 69 | Conidia few and matted above and fairly abundant below. 
| 6 so | Conidia very few and matted above and fairly numerous and 
| ; matted below. 
8 43 | Conidia none above and fairly numerous and matted below. 
| 
88} 33| 2 I ro | No’conidiophores on either surface. 
5 81 | Conidia fairly numerous and matted above and abundant 
| below. Aug. 7, no change. 
| 9 69 a ng fairly numerous and matted above and numerous 
low 
Ir 63 | Conidia numerous above and few below. 
13 too | Conidia abundant on both surfaces. 
15 8x | Conidia fairly numerous and matted above and abundant 
below. Aug. 18, no change. 
22 63 | Conidia few and matted above and numerous below. Aug. 25, 
no change. 
28 so | Conidia none above and numerous below. 
| 30 56 | Conidia none above and fairly abundant below. 
tts 35 9 13 10 } Noconidiophores on either surface. 
15 15 | Conidiophores few above and none below. 
18 37 | Conidia very few on both surfaces. 
. 22 44 | Conidia very few above and few below. 
| 25 62 | Conidia fairly numerous on both surfaces. 
| 28 69 | Conidia numerous above and fairly numerous below. Aug. 30, 
Sept. 1, no change.. 
| 3 62 — fairly numerous and matted above and fairly numerous 
| elow. 
6 so | Conidia few and matted on both surfaces. 
8 37 | Conidia very few on both surfaces. Sept. ro, no change except 
matted on both surfaces. 
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TABLE IV.—Data on life histories of a representative number of leaf spots studied on 
Io plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 



































of 1913—Continued 
———— oe Nl 
Plant | Leaf | Spot | ; Graph ee ae 
No, No. | No. | Date. | alien. Data on life histories. 
ml ee 
| 
| 1913. 
tt,§8] $35 1o | Aug. 13 10 | No conidiophores on either surface. 
15 15 | Conidiophores very few above and none below. August 18, no 
change. 
22 37 | Conidia very few on both surfaces. 
| 25 56 | Conidia fairly numerous above and few below. 
28 5° Conidia fairly numerous above and very few below. 
| 30 88 | Conidia numerous and matted above and abundant below. 
| September 1, 3, 6, no change. 
Sept. 8 50 | Conidia few and matted on both surfaces. 
10 37 | Conidia very few and matted on both surfaces. 
1,88] $37 1 | Aug. 11 24 | Conidia very few above and nothing below. 
13 100 | Conidia abundant on both surfaces. August 15, no change ex- 
e cept conidia matted above. 
| 18 94 | Conidia fairly abundant and matted above and abundant be- 
| low. 
| | 22 88 | Conidia numerous above and abundant below. August 25, no 
| change. 
28 75 | Conidia numerous on both surfaces. 
| 30 69 | Conidia fairly numerous above and numerous below. Septem- 
| | ber 1, 3, no change. 
Sept. 6 37 | Conidia very few on both surfaces. 
8 25 | Conidianoneon either surface. September ro, 13,15, nochange. 
tts 37 2| Aug. 11 10 | No conidiophores on either surface. 
| 13 100 | Conidia abundant above and abundant and matted below. 
| 15 94 | Conidia abundant above and fairly abundant below. 
| 18 87 | Conidia fairly abundant on both surfaces. 
| 22 roo | Conidia abundant on both surfaces. August 25, no change ex- 
cept slightly matted on both surfaces. 
| 28 94 | Conidia abundant and matted above and fairly abundant 
| | below. 
| | | 30 100 | Conidia abundant and matted on both surfaces. 
| | Sept. 1 87 | Conidia fairly abundant and matted on both surfaces. Sep- 
| tember 3, 6, no change. 
| 8 57 | Conidia very few above and fairly numerous below. Septem- 
| | ber 10, no change. 
| 13 37 | Conidia none above and few below. September 15, no change, 
| conidia still matted on both surfaces. 
| 
tts 37 3 | Aug. 11 to | No conidiophores on either surface. 
13 18 | Conidiophores very few on both surfaces. 
| | 15 44 | Conidia very few above and few below. 
| | | 18 so | Conidia very fewebove and fairly numerous below. 
| 22 62 — fairly numerous and matted above and fairly numerous 
elow. 
| | 25 62 | Conidia fairly numerous on both surfaces. 
| 28 75 | Conidia numerous on both surfaces. August 30, no change, 
| conidia matted on both surfaces. 
| Sept. 1 62 | Conidia fairly numerous and matted on both surfaces. 
§8| 37 6| Aug. 18 10 | No conidiophores on either surface. 
| | 22 50 | Conidia few on both surfaces. 
| 2 62 | Conidia fairly numerous on both surfaces. 
28 zs | Conidia fairly abundant in center on both surfaces. 
| 30 7o | Conidia numerous in center above and fairly abundant in center 
blow. September 1, no change. 
| | | Sept. 3 69 | Conidia fairly numerous above and fairly abundant in center 
| | below. 
| } 6 87 | Conidia fairly abundant on both surfaces. 
} | | 8 75 | Conidia fairly numerous and matted above and fairly abundant 
| below. September 10, no change. 
13 94 | Conidia fairly abundant above and abundant below. Septem- 
ber 15, no change. 
17 so | Conidia few on either surface. 
8 38 1 | Aug. 11 10 | No conidiophores on either surface. 
4 13 69 | Conidia numerous above and fairly numerous below. 
15 69 | Conidia fairly numerous above and numerous and matted be- 
| a 
| | 18 82 | Conidia fairly abundant above and numerous and matted be 
| low. 
| | 22 69 | Conidia numerous and matted above and fairly numerous 
} below. 
S 39 | 6 | Aug. 18 1o | No conidiophores on either surface. 
22 63 | Conidia numerous above and few below. 











| 25 &2 | Conidia fairly abundant above and numerous below. 
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TaBLeE IV.—Data on life histories of a representative number of leaf spots studied on 
10 plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 
of 1913—Continued 
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Data on life histories. 








Conidiophores above and conidia very few below. 

Conidia fairly numerous on both surfaces. 

Conidia numerous above and fairly abundant below. 

Conidia numerous above and abundant below. September 1, 
no change. 

Conidia fairly numerous above and fairly abundant below. 

Conidia fairly numerous and matted above and numerous and 
matted below. September 8, 10, no change. 

Conidia very few and matted above and numerous below. 
September rs, 17, no change. 

Conidia none above and numerous below. 


No conidiophores on either surface. 

Conidia very few above and nothing below. 

Conidia few above and very few below. September 1, 3, 6, no 
change. 

Conidia few on both surfaces. 

Conidia fairly numerous above and few below. 

Conidia very few above and few below. 

bag ne fairly numerous and matted above and numerous 

elow. 
Conidia very few and matted above and few below. 
Conidia none above and very few below. 


Conidiophores forming above and nothing below. 

Conidia fairly abundant in center of both surfaces. 

Conidia abundant in center of both surfaces. September 1, 3, 
6, no change. 

Conidia fairly numerous above and numerous below. 

Conidia abundant on both surfaces. September 13, 15, no 
change. 

— few and matted above and fairly numerous and matted 

elow. 

Conidia very few and matted above and fairly numerous and 

matted below. 


No conidiophores on either surface. 

Conidia fairly abundant i in center on both surfaces. 

Conidia fairly abundant in center above and abundant in 
center below. September 1, 3, no change. 

Conidia fairly abundant and matted above and fairly abundant 
below. September 8, no change. 

Conidia fairly abundant above and abundant below. Septem- 
ber 13, no change. 

Conidia numerous and matted above and abundant below. 

Conidia fairly numerous and matted above and fairly abund- 
ant below. 

Conidia few and matted above and numerous below. 


Conidia very few on both surfaces. 
Conidia few above and fairly numerous and matted below. 
— numerous and matted above and fairly abundant 
elow. 
Conidia numerous above and abundant below. September 1, 
no change. 
Conidia fairly numerous and matted above and abundant be- 
a. September 6, 8, no change except conidia matted 
low. 
Conidia fairly numerous and matted above and fairly abundant 
and matted below. , 
Conidia few and matted above and fairly abundant and matted 
below. 
Conidia none above and numerous and matted below. 
Conidia none above and very few and matted below. 
Conidia none on either surface. 


No conidiophores on either surface. 

Conidia few above and conidiophores forming below. 

Conidia very few above and nothing below. 

Conidia very few above and few conidiophores below. Septem- 
ber 3, no change. 

Conidia few above and very few below. 

Conidia few and matted above and few below. 

Conidia few and matted above and very few below. Septem- 
ber 13, 15, 17, no change. 

Conidia none on either surface. 
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TaBLE 1V.—Data on life histories of a representative number of leaf spots studied on 
10 plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 
of 1913—Continued 
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Data on life histories. 








No conidiophores on either surface. ' 

Conidia few above and fairly numerous below. August 30, 
September 1, 3, no change. 

— few and matted above and fairly abundant in center 

elow. 

Conidia few and matted above and numerous in center below. 

Conidia few and matted above and fairly abundant below. 

Conidia few and matted above and numerous in center below. 
September rs, no change. 


Conidia very few on both surfaces. 

Conidia few on both surfaces. September 1, 3, no change. 

Conidia numerous above and fairly numerous below. 

Conidia fairly numerous and matted abuve and fairly numer- 
ous below. 

Conidia numerous and slightly matted on both surfaces. 

Conidia fairly numerous and matted above and few below. 


No conidiophores on either surface. 

No conidiophores above and conidia very few below, Septem- 
ber 1, 3, no change. 

Conidia lw above and fairly numerous below. 

Conidia very few above and fairly nnmerous below. Septem- 
ber 10, 13, no change. 


Noconidiophores on either surface. 

Conidiophores few above and very few below. 

Conidiophores few above and conidia very few below. Sep- 
tember 3, no change. 

Conidia fairly numerous on both surfaces. 

Conidia fairly numerous above and numerous in center below. 

— numerous above and numerous and matted in center 

elow. 
Conidia fairly numerous on both surfaces. 


No conidiophores upon either surface. September 3, no 
change. 

on very few above and few below. September 8, no 
change. 

Conidia few on both surfaces. September 13, no change. 


No conidiophores on either surface. September 3, no change. 

Nothing above and conidia very few below. 

Conidia very few above and few below. September 1o, 13, 
no change. 


No conidiophores on either surface. September 3, 6, no 
change. 

Nothing above and conidia forming below. 

— very few above and few below. September 13, no 
change. 


No conidiophores on either surface. September 6, no change. 

Nothing above and very few conidia forming below. 

— very few above and few below. September 13, no 
change. 


Me, eaitiepheres on either surface. September 6, 8, no 
change. 
Conidia very few on both surfaces. September 13, no change. 


No conidiophores on either surface. September 6, no change. 

Conidia very few above and nothing below. September 10, 
no change. 

Conidia very few upon both surfaces. September 15, 17, no 
change. 


No conidiophores on either surface. 

Conidia very few on both surfaces. 

Conidia numerous in the center upon both surfaces. Sep- 
tember 13, 15, no change. 

Conidia very few above and few below. 


No conidiophores on either surface. September 8, no change. 

Conidia very few on both surfaces. 

Conidia few above and very few below. September rs, 17, 
no change. 
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saa : ; = 
d on 4 TaBLe IV.—Data on life histories of a representative number of leaf spots studied on 
2ason 3 10 plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 
4 of 1913—Continued 
—— bd 
‘ 
4 Plant | Leaf | Spo Graph ee ae? 
af No. No. | No. Date. ~waltiee. Data on life histories. 
| _I9T3: — ‘ 
‘ 8 | s 4| Sept. 6 10 | No conidiophores on either surface. September 8, 10, no 
ust 30, | change. 
13 30 | Conidiophores forming above and conidia very few below. 
center 9 | September 15, 17, no change. 
a4 | | 
yelow. a 8{ sr} 5 6 10 | Noconidiophores on either surface. September 8, 10, 13, rs, 17, 
ow. § | no change. 
below. z | ‘ ~ : 
‘A 8| st] 6 6 10 sie cophtingivenes on either surface. September 8, 10, 13, no 
% change. 
4 15 15 | Conidiophores none above and forming below. 
ige. z | 7 | 24 | Nothing above and very few conidia below. 
numer- ‘$ 8] 53 | I 17 10 | No conidiophores on either surface. September 19, no change. 
| 
mm 8 53 2 17 10 | No conidiophores on either surface. September 19, no change. 
9 3 1 | June 24 10 | No conidiophores on either surface. June 25, 26, 27, 28, 30; 
Septem | July 1, 2, 7, no change. 
ey 3 | 2| July 9 10 | No conidiophores on either surface. 
a ' 10 25 | Conidiophores abundant on both surfaces. 
Septem - ‘4 12 87 | Conidia fairly abundant on both surfaces. July 14, no change. 
ye | 16 roo | Conidia abundant on both surfaces. 
‘ | at 37 | Leaf dead, conidia very few on both surfaces. July 2s, 28, no 
b change. 
w. Sep- 5 
y 9 | 5 1 | at so | Conidia few on both surfaces. July 23, 25, no change. 
—_ . | 28 37 | Conidia none above and few below. July 30, no change. 
in center 2 #g | 5 2 | 23 17 | Conidiophores above and none below. 
a | 25 75 | Conidia numerous on both surfaces. July 28, 30, no change. 
4 o| 7 ai 9 10 | No conidiophores on either surface. 
rr 3, no 4 10 37 | Conidia few above and conidiophores abundant below. 
8 12 94 | Conidia abundant above and fairly abundant below. July r4, 
yer 8, no 1 16, no change. 
> \ 
age. of 3] «| June 30 10 | No cMidiophores on either surface. July 1, 2, 7, 0, 10, 12, no 
o change. nm | change. 
inn 4 f 10 | 5 | 1| July 2 to | No conidiophores on either surface. 
10, 13, =) ; 20 | Conidiophores few above and abundant below. 
9 37 | Conidiophores above and conidia few below. 
6, no 4 | 10 7s | Conidia numerous on both surfaces. July 12, 14, no change. 
3, 9 & | } 16 roo | Conidia abundant on both surfaces. July 21, 23, no change. 
3 | 25 75 | Conidia few above and abundant below. 
a 4 28 50 | Conidia none above and numerous below. Leaf dead. July 
3 30, no change. 
a 10 5 3 ar so | Conidia few on both surfaces. July 23, no change. 
10 change. fa 25 536 | Conidia fairly numerous above and few below. 
ner 13, 00 E | 28 25 | Conidia none on either surface. July 30, no change. 
‘ ro | 5 4 ar 37 | Conidiophores above and conidia few below. 
6, 8, no 23 44 | Conidia very few above and few below. 
less 25 | 37 | Conidia very few on both surfaces. 
no change. 28 | 25 | Conidia none on either surface. July 30, no change. 
no change. 3 10 6 | I 2 10 | No conidiophores on either surface. 
tember 10 ig | 1 31 | Conidia very few above and conidiophores below. 
° q 9 62 | Conidia fairly numerous on both surfaces. July 10, 12, 14, no 
ae | change. 
, 4 16 56 | Conidia few above and fairly numerous below. 
j zo} 6 6] July 12 10 | No conidiophores on either surface. 
45 } 14} 15 | Conidiophores none above and very few below. 
aces. Sep- a | 16 37 | Conidiophores above and conidia few below. 
a | at 100 | Conidia abundant on both surfaces. July 23, 25, 28, 30, no 
7 change. 
no change. 4 27469°—16——4 


uber 15, 17, 
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TABLE IV.—Data on life histories of a representative number of leaf spots studied on 
10 plants in a medium-early sugar-beet field near Rocky Ford, Colo., during the season 
of 1913—Continued 




















Plant | Leaf | Spot Graph =e sais ‘ 
No. No. | No. Date. wakes. Data on life histories. 
| 1913. 
ia €) 9 1| July 7 50 | Conidia few on both surfaces. July 9, no change. 
} 10 75 | Conidia few above and abundant below. 
12 94 | Conidia fairly abundant above and abundant below. July 14, 
| | no change. 
| | 16 69 | Conidia very few above and abundant below. 
| | 21 zoo | Conidia abundant on both surfaces. July 23, no change. 
| | 25 75 | Conidia numerous on both surfaces. 
tio 9 2 1 37 | Conidiophores above and conidia few below. July 9, no change. 
| | 10 75 | Conidia few above and abundant below. 
| | 12 69 Conte few above and fairly abundant below. July 14, no 
change. 
| 16 69 | Conidia very few above and abundant below. 
| ar too | Conidia abundant on both surfaces. July 23, 25, no change. 
10} 9 | 3 23 25 | Conidiophores on both surfaces. 
| 25 75 | Conidia numerous on both surfaces. July 28, no change. 
*10| 10 | I 23 ro | No conidiophores on either surface. 
25 75 | Conidia numerous on both surfaces. 
| 28 75 | Conidia abundant above and few and matted below. July 30, 
| no change. 
{ 
10} wm I 25 7s | Conidia numerous on both surfaces. 
28 75 | Conidia abundant above and few and matted below. July 30, 
no change. 
10 II 3 25 50 | Conidiophores above and conidia numerous below. 
| 28 75 | Conidia numerous on both surfaces. July 30, no change. 
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Fic. 6.—Curves of the leat spot history series, showing the production of conidia on different dates from 
June 24 to September 19, 1913, at Rocky Ford, Colo. 


After the values were all assigned, the spots which appeared on or about 
the same day were brought together in 24 groups and averaged (Table V 
and fig. 6). The temperature and humidity records used in the correla- 
lations with the leafspot histories were taken among the sugar-beet leaves 
near the surface of the ground. 
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CoNIDIAL PRODUCTION.—Under favorable conditions conidia are 
produced apparently much more readily by young than by old leaf- 
spots. For instance, as will be seen in Table IV, leaf spots (*)! 2 to 4 
days old showed a marked increase in conidial production from July 23 
to 25, while during the same period spots (***) 14 to 24 days old in most 
cases showed a decrease. However, spots (***) 2 to 3 weeks old on 
green leaves showed an increased production from August 18 to 25, the 
conditions being favorable, and some ({) even produced a second and 
third crop, although usually but one crop (tT) is produced and this while 
the spots are comparatively young. It was also found that under favor- 
able conditions a spot ({{{) may produce abundant conidia on both 
surfaces in one day. Usually the maximum production is reached within 
10 days after the spots appear (fig. 6), and sometimes under very favor- 
able conditions the production may increase after this period (fig. 6, 
curves D and E, July 17 to 23), but the older spots do not always respond 
to favorable conditions in this way (fig. 6, curves C and F). In no case 
was a new growth of conidia observed on spots on yellow or dying leaves 
on green plants in the field. ‘The fungus seemed to lose its vigor much 
sooner on such leaves than on green leaves which remained attached 
to the crown at harvest time. From the standpoint of control of the 
disease this is a very important point, from the fact that at harvest time 
the green leaves, on which the fungus is vigorous, are removed with 
the crowns and stored in the silo, while the yellow and dying leaves, 
on which the fungus may be too weak to overwinter, break off and 
remain on the ground. 

During the greater part of August and September, when the precipita- 
tion was light (fig. 7), many of the conidia had a shrunken appearance 
and were massed together on the leafspot areas (Table IV,§). When 
placed in water, these conidia did not germinate; consequently this 
desiccation of the conidia may also be an important factor in connection 
with the vitality of the fungus on the host. 

The position of the leaf on which the spot studied was located was also 
found to be an important factor in conidial production, an abundance of 
conidia being frequently observed on leaves protected from the sun, 
while at the same time few were observed on those exposed to the sun 
the greater part of the day. This difference in production is thought to 
be due mainly to the difference in humidity of the protected and the 
exposed locations. 

A study of the comparative production of conidia on the upper and 
the lower surfaces of the spots was also made, the conidia on the spots 
included in series E, K, N, and § (fig. 6) being tabulated for this purpose. 

Generally a more abundant conidial production was found on the 
lower than on the upper surface (fig. 8), and this was due apparently to 





1 The asterisks (*), daggers ({), and section marks (§) refer to particular leaf spots in Table IV. 
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the probably higher humidity of the former. Only during a very favor- 
able period (fig. 7, July 19 to 21) or where the leaves were turned up or 
protected by other leaves was the conidial production on the upper 
surface equal to that on the lower surface (fig. 8, series E, July 21). At 
times, conidia were formed more abundantly on the upper surface than on 
the lower (fig. 6, series N, August 11, and series S, August 28). Because 
of the spongy parenchyma and the greater number of stomata on the 
lower surface, it might be supposed that conidiophores could be produced 
more readily on this than on the upper surface; but, as above indicated, 
humidity would seem to be the controlling factor in this connection. 
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Fic. 7.—Curves of the maximum and minimum temperaturesand humidities, the number of hours that the 
humidity remained above 60 from noon of the preceding to noon of the given day among the plants, 
and rainfall and irrigation records, taken in a medium-carly sugar-beet field from June 10 fo September 
22, 1913, at Rocky Ford, Colo. 


A comparison of the conidial production as shown in Table IV and 
figure 6 and the climatic data shown in figure 7 indicates many definite 
relations. When the spots were first found, on June 20 and 24, conidia 
were fairly numerous (fig. 6, curve A) on all except six spots, which had 
evidently just developed on the latter date, as no conidia were present 
at this time and conidiophores only were produced the next two weeks. 
The following week there was but little increase, and during the next few 
days many of the conidia were disseminated. The small production of 
conidia was evidently due directly to the high temperature and the low 
humidity which prevailed during this period (fig. 7), as conidia were pro- 
duced in great abundance from July 9 to 12 (fig. 6, curves C, D, E, F), 
when the temperature was lower and the humidity higher (fig. 7). Dur- 
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ing this time and the few days just preceding, the humidity remained 
above 60 for a longer time on an average and the minimum humidity 
did not become so excessively low nor the temperature so excessively 
high as during the time previous to July 4. 

The next period of pronounced increase in conidial production was 
from July 19 to 23 (fig. 6, curves D, E, G), when the conditions were more 
favorable than during any period of similar length through the summer, 
the humidity ranging above 60 on an average of 19.4 hours each day and 
not falling below 52 (fig. 7), and the temperature ranging from 60° to 
90° F. 

Conidial production was again above the average (curves M, N, and O) 
from August 9 to 13, during which period the humidity remained above 
60 from 13 to 20 hours each day and there was a small amount of rain 
which seemed to aid in maintaining the necessary humid conditions. 
Production was checked on August 16, on which date the temperature 
was 102° and the average humidity low, and was again inhibited after 
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FG. 8.—Curves of the comparative production of conidia on the upper and lower surfaces of the leaf spots, 
representing series E, K, N, and G of Table V and figure 6, Rocky Ford, Colo., 1913. 


September 11, subsequent to which date the minimum temperatures 
ranged from about 30° to 45° and the maximum from about 65° to 83°, 
while the humidity remained above 60 for 12.4 hours per day, on an 
average. 

The general conclusion from these tests is that conidial production is 
greatly influenced by temperature and relative humidity, or speaking 
specifically — 

(1) A temperature of too° F. or over is detrimental to conidial pro- 
duction, directly perhaps because it is inimical to the growth of the 
fungus and indirectly because humidity is ordinarily excessively low at 
such an extreme temperature. 

(2) Conidial production is greatly checked at daily temperatures 
ranging below 50° as a minimum and 80° as a maximum. 

(3) The most favorable temperature for conidial production is 80° to 
go° in the daytime and riot below 60° at night. 

(4) The temperature being favorable, the largest conidial production 
occurred at the higher humidities. A good production occurred when 
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the humidity remained above 60 for not less than 15 to 18 hours, but 
very few were produced when the humidity remained above 60 for less 
than 10 to 12 hours daily. 

With a view to determining the approximate number of conidia pro- 
duced on a sugar-beet plant under a favorable temperature and humid- 
ity, one representing a heavy infection in August was selected. After 
the infected leaves were measured a representative portion of conidia 
were carefully washed off into sterilized water and counted. The count, 
which was made by means of a dilution method, showed 250,000,000 
conidia on the plant at that time. 

CONIDIAL DISSEMINATION.—That a period of low humidity, with its 
accompanying factors, is favorable to the dissemination of conidia was 
frequently observed (fig. 6, curve R). For instance, it was found that 
the amount of conidia diminished on September 1, 6, 14, and 15, when 
the humidity remained above 60 for 5, 6, 10, and 4 hours, respectively; 
while, on the other hand, there was no diminution in the amount present 
on September 3 to 5 and 8 to 10, during which periods the humidity 
remained above 60 for 12 to 16 hours. 

Rainfall is also an important factor in the dissemination of conidia, as 
was noted in several instances. On July 19 (fig. 6, curve F) rain fell, 
and as a result many conidia were washed off, and the same was true in 
the case of rains on July 23 (curves C, D, E, G, H), August 9 (curve K), 
September 4 (curves N, O, R), and September 16 (curves Q, S, T, U, V, 
W). After rains on July 19, August 9, and September 4, however, there 
were more conidia present than before, but this was probably due to the 
fact that more were produced under the favorable humid conditions attend- 
ing these rains than were washed off. It was also found that the conidia 
were disseminated more rapidly from the upper than from the lower sur- 
face of the spots (fig. 8). This was due probably to the greater exposure 
of the former to wind and rainfall. 


RELATION OF INFECTION CYCLES TO CLIMATIC CONDITIONS 


For the purpose of determining the relation of infection cycles to 
climatic conditions, a study was made of the increase and spread of dis- 
ease in a field of sugar beets planted about May 1! at Rocky Ford and 
one planted about two weeks later. Both fields had been in beets for two 
or three years, and as very few, if any, of the tops were removed after 
the harvest of 1912, infection appeared early in 1913 and was generally 
distributed. 

Three plants in the early field (Table VII) and ten in the medium- 
early (Table VI) were selected, the leaves tagged and numbered con- 
secutively, beginning with the outermost or oldest and continuing with 
the new ones as they appeared. The spots on each leaf were counted at 





1 Conidial production afid dissemination were also studied in this field. 
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frequent intervals,’ and the average actual increase of spots per plant 
computed (Table VIII and fig. 9). It was found that from 400 to 1,000 
spots on a leaf, depending on its size, killed it within a few days. 
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Fic. 9.—Curves of the 2-day average increases in the number of leaf spots per plant in a medium-early and 
an early sugar-beet field, from June 18 to September 19, 1913, at Rocky Ford, Colo. 


TABLE VI.—A verage infection cycle of Cercospora beticola in a medium-early sugar-beet 
field with poorly developed foliage and with a consequent low humidity early in the season 
at Rocky Ford, Colo., in 1913 
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Date. of ea ber of | killed | green func- | of leaf | ber of 

leaves aves | teaves | by Cer-| and P tional | spots per] leaf 

in- ; In- Unin- 

marked. tasted dead. | cospora| dying tested. lteter leaves.| plant. | spots 
— beticola.| leaves, | *€C*™: | Sected. per leaf. 

——— - —}|—— - Sere) Seana 
Dee Biiicns 14.2 3-2 | 3:3 v4] 3 2.9 8 | 109 5 1.6 
a 16.8 47 3-8 nie 4-4 4-1 8.9 | 13 10.4 2-3 
Bi ecics 17-4 5°4 eS Peer eee 4:7 4-4 8.7; 13-2 11.4 2-4 
10. 18. 5 5-5 4.6 | ak as 43 9-6) 13.9 11.2 2.4 
12 19.7 5.5 5.1 4:3 4 | 10.6] 14.6 10.8 2-5 
IA 21.3 5-8 oe Beers | 43 4 11.8] 15.8 10.8 2.5 
16 22.6 6 6.1 | vl 4.1 3-8| 12.7] 16.5 10.4 2-5 

21 26.3 6.6 eS Sacer | 4:4 3-5 | 15-7 19.2 13-3 3 
23 27-5 7-8 8 esas 4-7 4-1 | 15-4 19.5 17.2 3-6 
25 29 8.1 >) eee 4:4 3-5 16.6 20.1 17.5 3-9 
2 30.5 10.8 9-3 | 6.3 5-8 | 15.4 | 21.3 20.5 3-2 
3 33 17.6 aL Ree | 107 10.3 | 15-7 | 22 42 3-9 
Aug. i 34 27 12 ae 20 19 3 22 93-5 4&7 
35-5 27 WS lidwececs | 19 18.5 4:5 | 23 292 15.3 
/ 36. 5 27 Bee bisevesar |} 18.5 17.5 5-5 | 23 355 19.1 
9 37-5 29 ea eee ee 19.5| 45] 24 402 20.6 
It 38.5 30 15.5 oa 20. § 19 4 | 23 455-5 22.2 
13 40 31 eee | 20 20 45| 245 593 29.6 
15 41-5 315 15.5 | 20.5 20.5 | a8 | 26 875 42.6 
18 43 33:5 Oe Baeetr. | 22.5 22.5/ 5§ 27-5 | 155-5 51-3 
22 45 35-5 15-5 24.5 24-5 5 29.5 2,045-5 85.9 
25 46 38 te Pee 27 27 3-5 | 30-5 3,420 126.6 
2g 48 4! 17 ns 29: 5 28 3 31 9, O81. 5 307.8 
30 48.5 41 im | 2 | 28. 5 27-5 3 | 305] 10,856 380.9 
Sept. 3 50 41.5 23.5 6 | 255 22.5 4 | 26.5 | 12,3715 485.1 

¢ 50. 5 42.5 25-5 8 23-5 21.5 4 | 2s II, 493 489 
8 51-5 42.5 26. 5 9 21.5 20.5 5 | 25 10, 928. § 508.3 
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' For convenience and uniformity, 2-day averages were used in making the comparisons, the counts 
being made usually at 2-day intervals. 
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TABLE VII.—Average infection cycle of Cercospora beticola in an early sugar-beet field 
in which there was a heavy production of foliage and a consequent. high humidity 
early in the season at Rocky Ford, Colo., in 1913 
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TABLE VIII.—Actual and 2-day average increase in the number of leaf spots per plant 
in a medium-early and an early sugar-beet field from June 18 to September 19, at 
Rocky Ford, Colo., in 1913 
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8 1.4 25 1,379 919 2, 582 1,722 
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The period of incubation of the fungus being from 11 to 13 days, as 
shown by artificial infection experiments, a corresponding increase in the 
number of spots on the leaves would not necessarily follow immedi- 
ately after a period during which conditions favorable for infection pre- 
vailed. 

Notwithstanding the early appearance of the spots in the medium- 
early field—on June 20—and a consequent expectation of an epidemic 
of the disease, the increase in infection was very light (Table VIII) 
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during the latter part of June and early part of July. This was doubtless 
due to the fact that during this period the stomata were closed against 
the fungus the greater part of the day on account of the excessively high 
temperature, which was generally above 100° F., and the excessively 
low humidity, which at one time fell to 10 and which was only above 
60 from 6 to 15 hours a day, and also to the fact that a temperature as 
high as 95° inhibits the growth of the fungus and kills it after a few days. 

After July 5 the temperature was lower and the humidity higher than 
during the period above mentioned. As a result, numerous conidia were 
produced from July 9 to 12, and at the end of the period of incubation— 
July 21 to 25—there was a slight increase in the number of spots (Table 
VIII). Rains between July 19 and 25 and the resulting high humidity 
caused a rather marked increase in the number of spots in late July and 
early August, these spots appearing on many leaves hitherto uninfected 
(Table VI). Prior to this period the number of leaves showing spots 
were comparatively few, but after July 30 the majority showed spots, 
and the proportion of infected to uninfected leaves gradually increased 
until August 28, after which it decreased. During the period from July 
30 to August 28 the humidity was comparatively high, remaining above 
60 on an average of 14.6 hours on all except three days, on which it 
remained above 60 for 10 hours; and the maximum and minimum 
temperatures generally were not above 90 nor below 55, respectively. 
The increased proportion of infected to uninfected leaves during this 
period, however, was not necessarily due to increasingly favorable 
climatic conditions but to the cumulative effect of the organism, the 
amount of viable conidia and consequent new infections increasing as 
the number of spots increased, as shown by the enormous increase of 
3,776 spots per plant on August 27 and 28. After September 3 the 
increase in infection was considerably less (fig. 9). This was due appar 
ently to the fall in temperature, the maximum being rarely above 76° F 
and the minimum seldom above 50° after September 8, while the humidits 
was comparatively favorable. 

The increase in infection through the season was considerably higher in 
the early than in the medium-early sugar-beet field, as shown by the 
total amount of the disease (Tables VI and VII) and the actual increase 
(Table VIII and fig. 9). This was due to the fact that the foliage was 
heavier in the early than in the medium-early field (Tables VI and VII, 
functional leaves), and consequently the humidity was higher and the 
infection greater in the former than in the latter (Table VIII and fig. 9). 

The maximum increase in spots was reached on August 11 in the early 
field and on August 28 in the medium-early sugar-beet field. The period 
of greatest increase in the disease is not its period of greatest destruc- 
tiveness, however, as the plant is not immediately affected by the dis- 
ease, some time being required for the leaves to be killed. 
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Prior to August 1, only isolated records of humidity were made in the 
early field,’ but after this date continuous records of both humidity and 
temperatures in both fields were available for comparison (fig. 10).? 
The temperatures prevailing in the two sugar-beet fields were quite com- 
parable, but the humidity was generally different. For instance, from 
August 2 to 23 the humidity remained above 60 for a longer time, and 
the maximum humidity was, as a rule, higher in the early than in the 
medium-early field; from August 23 to September 1 the maximum 
humidity was lower in the early than in the medium-early field; after 
the latter date strikingly lower, the difference ranging from 5 to 15 units; 
after September 5 the humidity remained above 60 for a shorter time 
in the former than in the latter field; but from September 6 to 21 the 
range of humidity in the two fields was much closer than during the 
periods previously mentioned. 

The difference in the humidity of the two fields seemed to be due to 
the difference in the amount of foliage present. Early in the experiment 
the foliage was heavier in the early than in the medium-early field, but 
owing to an extremely severe infection, which developed between July 
29 and August 13 (fig. 9), the relative proportion of foliage in the two 
fields was reversed after that period. As a result of this reversal, less 
moisture was retained and the humidity was lower in the early than in 
the medium-early field during September, and consequently at that time 
the relative increase in infection was less in the former than in the latter. 
Speaking more specifically, early in the experiment there was an aver- 
age of 29 functional leaves per plant in the early field and 22 in the 
medium-early; on August 15 there was an average of 26 leaves per plant 
in both fields, while later on there were fewer per plant in the early 
than in the medium-early field. On the other hand, on August 13 there 
was an average of 23.5 infected leaves per plant, with an average of 710 
spots per leaf in the early field, and on September 8 thefe was an average 
of 21.5 infected leaves per plant, with an average of 508.3 spots per leaf, 
in the medium-early field. 

A comparison of the death rate of the leaves in the two fields before 
and after the disease appeared shows its destructiveness. For instance, 
in the early and medium-early fields, from July 7 to 29 and from July 2 
to August 25, when no leaves were killed by the fungus, the death rate 
from normal causes was approximately one leaf per plant in three and 
four days, respectively; while from July 29 to August 15 and August 25 
to September 19, when the disease was most severe in the two fields, the 
death rate averaged one leaf per plant in nine-tenths of a day and one 
and three-tenths days, respectively. 





! These and the later continuous records indicate that prior to August 1 the humidity was generally 
higher in the early than in the medium-early field. 

? The temperature records taken at the Weather Bureau station were included in the comparisons and 
were found to agree closely with those obtained in the two fields. 
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SUMMARY 


(1) The life of the fungus Cercospora beticola overwintering in sugar- 
beet-top material varies with different environment. When exposed to 
outdoor conditions, the conidia die in from one to four months; but when 
kept dry live as long aseight months. The sclerotia-like bodies, which are 
more or less embedded in the tissues of the host, are more resistant than 
the conidia, living through the winter when slightly protected, as, for 
instance, in the interior of a pile of hayed sugar-beet tops or buried in 
the ground from 1 to 5 inches, and become a source of infection for the 
succeeding crop. Notwithstanding the difference in temperature and 
soil-moisture conditions, similar results from the overwintering experi- 
ments were obtained at Rocky Ford, Colo., and Madison, Wis. 

(2) Climatic conditions and the development of the leafspot can be 
correlated only when all records are taken at the same relative positions, 
as shown by comparisons of the Weather Bureau records and the records 
taken among the plants and 5 feet above the field. 

(3) The maximum temperature is much higher near the ground than 
5 feet above early in the season, but the difference diminishes as the 
season advances. 

(4) Throughout the season the maximum relative humidity was higher 
among the leaves than 5 feet above the field. Early in the season, while 
the plants were small, the humidity remained above 60 longer each day 
5 feet above the field than among the plants near the ground; but after 
the plants attained a good size this condition was reversed. Because of 
this difference, only records collected among the leaves should be con- 
sidered in correlating climatic conditions and conidial production and 
infection. 

(5) The effect of rainfall and irrigation on the increase of relative 
humidity and its duration is apparently much the same. 

(6) Thermal tests with artificial cultures showed (a) that exposure to 
constant temperatures of 35° and 36° C. is fatal to the growth of the 
fungus; (b) that growth occurred when cultures after exposure for 3 days 
to either of these temperatures were changed to 30.8°, and also when 
they were held at either for 8 hours and then at 20° for 16 hours; and (c) 
that a temperature of 40.5° was fatal in all combinations tested. 

(7) Temperature and relative humidity influence the production of 
conidia and infection in much the same way. A temperature of 80° or 90° 
F., with a night minimum preferably not below 60°, is most favorable to 
conidial production, while it is checked by a temperature of 100° or 
higher and greatly checked by a range from below 50° to 80°. A maxi- 
mum humidity ranging above 60 for not less than 15 to 18 hours each 
day induces a good growth of the fungus. 

(8) Because of the higher humidity on the lower than on the upper 
surface of the leaf, the conidia are generally more abundant on the lower 
surface of the spots, but because of the action of rain and wind they 
disappear more rapidly from the upper surface. 
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PLATE III 


Cercospora beticola: Overwintering tests on the experimental field at Rocky Ford, 
Colo., during 1912-13: 


Sugar-beet leaves infected with Cercospora beticola (z) stored in soil in boxes, (2) 
buried in the ground at different depths from 1 to 8 inches, and (3) left exposed above 
the ground in a pile of hayed sugar-beet tops. 
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PLATE IV 
Field stations for the collection of weather data at Rocky Ford, Colo., in r913: 


Fig. 1.—Weather shelter, anemometer, and rain gauge at edge of sugar-beet field. 

Fig. 2.—Weather shelter among beet plants, showing hygrothermograph and cog 
psychrometer. 

Fig. 3.—Weather shelter of the local Weather Bureau station about 3 miles from 
sugar-beet field. 
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